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Note: Numbers in parentheses occur- 
ring in text refer to items in bibliography 
ant Ne CMay 195), Nos 1-71) or 
in this installment (No. 72-84) 


“AIR TRAFFIC CONTROL & THE 
NATIONAL SECURITY” 


A recent report of this title (73), 
while much of it is not within architect’s 
scope of services, is of interest to any- 
one concerned with design & operation 
of airports in near future. Following 
excerpts (with alphabetic electronic-aid 
jargon spelled out) will indicate scope & 
purpose of proposed common system. 
‘They are reprinted courtesy of The Air 
Coordinating Committee. 

Approximately two years have passed 
since adoption of the outline for the 15- 
year Federal program for development 
of a safe, all-weather Air Traffic Con- 
trol « Navigation System, generally 
known as the common system. During 
these two years administrative machinery 
has been set up & certain parts of the 
system have been put in general use... 
The common system is capable of in- 
tegration with the air defense warning 
net It must be emphasized that 
speeding air traffic handling in terminal 
areas will shift bottleneck to a new loca- 
tion—surface of airport itself. Once 
electronic system makes it possible to in- 
crease number of aircraft arriving or de- 
parting, the ground facilities, loading 
gates, taxiways & runways become inade- 
quate... Major airports with maximum 
capacity demand will need such things 
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as dual runways, runways of adequate 
width for instrument operations, ap- 
proach light systems, adequate turn off 
taxiways & probably a minimum of 25 
loading gates; also needed is an improved 
system of airport ground traffic control 
& guidance. 


EQUIPMENTS REQUIRED FOR 
COMMON SYSTEM 


now in use: 


e airport surveillance radar (ASR) 
e instrument landing system (ILS) 
@ precision approach radar (PAR) 
® automatic direction finder 


(VHF/UHF/ADF) 


e interlocks 


needed (new): 


e radar safety beacon & ground equip- 
ment 

e air traffic control signalling system & 
ground equipment (ATC) 

e data transfer & display equipment 

e multi-channel VHF voice radio 

e air traffic control plotting display 


il 
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THE AIRPORT 


In the past, major bottleneck in move- 
ment of air trafic under instrument 
flight conditions (IFR) was in the air 
—in cumbersome procedures & methods 
of navigation that made it impossible for 
more than 4-6 aircraft/hr to complete 
approaches & land. ‘Today this figure 
has increased to 13-17 approaches/hr, & 
the transition period common system of 
air trafic control & navigation is ex- 
pected to make it possible to double this 
figure at fully equipped airports. 

However, no matter what may be 
achieved in a program for greatly in- 
creased aircraft speeds, & safe spacing of 
increasing numbers of aircraft moving 
in airspace under instrument flight con- 
ditions, & no matter what precision con- 
trol techniques may be developed to make 
possible higher take-off « landing fre- 
quency, volume of air traffic between 
points of departure & points of arrival 
cannot exceed rate of acceptance & Ca- 
pacity characteristics of airports... 

Decisions needed from airport opera- 
tors related to the common system in- 
clude: 


e number of aircraft loading & servicing 
positions 
e provision of servicing pits at loading 
positions for: 
fuel (increased pump performance) 
oil 
water 
sewer 
electrical energy 
compressed air 
air conditioning & heating, etc 
e sidetracks for transport aircraft to & 
from loading positions. (To econo- 
mize on loading ramp space & elimi- 
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nate propeller & jet blast interference 
x hazard in loading area) 
e expansion of control tower facilities 
e many problems relating to runways, 
taxiways, lighting & electronic equip- 
ment 


Good airport design is first prereq- 
uisite to handling of air trafhce at rate 
of 40 movements/hr on a single run- 
way, or 80 movements/hr on two run- 
ways used simultaneously. Probably not 
more than six civil airports in existence 
today are designed for such an opera- 
tron): |. 

Profound changes in concept of air- 
port design & runway layout may result 
from successful completion of current 
tests being run on aircraft landing gears 
permitting safe landings with high cross- 
wind components. Such landing gears 
are now in use on aircraft up to size of 
DC-3. It remains to be seen what out- 
come will be on larger & faster planes. . . 

‘Tendency of transport aircraft toward 
higher loadings « longer landing roll 
has greatly increased cost of runway con- 
struction. In addition, facilities—elec- 
tronic & visual—necessary to permit 
operation under low visibility conditions 
have reached point where it is eco- 
nomically unfeasible to implement fully 
more than two directions of approach 
under instrument conditions . 


TRAFFIC CONTROL 
EXPERIMENTS 


To help visualize what situation 
would be today if traffic controllers 
should direct landing of transports at 
90-second intervals at two large terminal 
type airports a carefully timed simulated 
operation was performed at Wright- 
Patterson Air Force Base in 1950. 

At one airport at end of simulated 
3-hr operation, 32 of original 120 air- 
craft accepted still remained on field in 
loading or apron space (unloading, load- 
ing, servicing or fueling). 

Aircraft time on field was widely 
varied to simulate differing require- 
ments & for staggering purposes as fol- 
lows (typical hour) : 


9 down 20 minutes 


1 hr 10 min 
i 20 


WWE We BATS 
TS 
Cn 


40 aircraft/hr accepted 
(actual timed operations) 


Only 14 of 40 accepted succeeded in 
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getting away during first hour, at end of 
which time 26 were being worked on 
ramps & aprons. At end of 2nd hour, 
29 were being worked & at end of 3rd 
hour 32 were still being unloaded, 
loaded, serviced « fueled. Saturation 
point was rapidly approaching. 

A similar 3-hr experiment at another 
airport showed 36 of the 120 accepted 
still being worked on the airport at end 
of 3-hr period. Here during 2nd hour, 
41 departures were delayed from 1 to 
20 minutes due to airline operator field 
time congestion that had nothing to do 
with regular 90-second availability of 
take-off runways. All 41 aircraft just 
happened to be ready to go during same 
20 minutes. These figures indicate that 
approximately 30-40 loading positions at 
a minimum would be required for an 
airport expecting to operate at maximum 
capacity for as long as 3 hours at a time. 
Even assuming peak capacity for a single 
hour, & average ramp time of 30 minutes, 
20-25 loading positions may be a mini- 
mum requirement. Practice of assign- 
ing blocks of gates to specific air car- 
riers may increase this requirement since 
it does not result in maximum utiliza- 
tions gates. 2. 


ADEQUATE BUILDING, 
PASSENGER & CARGO 
HANDLING FACILITIES 


One requirement of good airport de- 
sign is provision of adequate terminal 
building facilities for processing incom- 
ing & outgoing passengers & their bag- 
gage thru necessary steps prior to board- 
ing or after leaving aircraft. Aside 
from factor of passenger convenience & 
comfort, inability to handle passengers 
&«/or cargo promptly & efficiently may 
result in longer ground times for air- 
craft, thus contributing to problem of 
inadequate ramp space & congestion on 
ramp. 

Best type of terminal building & most 
efficient passenger & cargo handling fa- 
cilities are still a subject of extensive 
study. It is certain that peak hour 
passenger & cargo trafic demand must 
be considered in planning terminal fa- 
cilities. Relationship between passenger 
volume & number of flights is not always 
constant. At some localities number of 
flights is proportionately high for num- 
ber of passengers handled, since they 
may be thru stops for a number of 
flights primarily for refueling purposes, 
while at other locations relatively few 
flights of large aircraft handle a high 
proportionate volume of traffic. 

Whether a location is primarily a ter- 
minal or a transfer point for traveler 
is another factor which may influence 
kind & type of terminal facilities pro- 
vided. 


CONCLUSIONS 


e At present time substantial delays « 
occur in movement of instrument flight — 
(IFR) traffic in approximately 26 com- — 


‘hoy aoe (Sy. 


munities Application of 


known techniques & facilities to military — 


& civil airports in these communities 
will increase capacity of airports to point 
where they should adequately handle air 
trafic during transition period. Imme- 
diate action is required in this matter if 
airports are to keep pace with program 
of air traffic control system. 

e Military « civil airports should be 
planned with consideration for common 
system requirements. 

e In planning airports, as much con- 
sideration must be given to efficiency of 
runway layout, from a traffic control 
standpoint, as is given to adequacy of 
runways in length, width, & strength. 


e Basic number of runways to be pro-_ . 


vided will be dependent on directional 
coverage needed considering character- 
istics of aircraft & wind conditions en- 
countered at location of airport, ete. 


e A complete parallel runway or simul- — 


taneously usable runway will be needed — 
at every terminal airport where there ° 


is a requirement to handle in excess of 
40 movements/hr for considerable 
periods of time under a wide variety of 


> wind conditions. 


e Non-conflicting non-parallel runways — 


will meet need where peak traffic de-- 


mand is brief, & where wind conditions 
are such that direction of take-off is not 
critically affected. 


e Minimum separation of 3,000’ be- | 


tween parallel runways is required to 
permit a landing to be made on one run- 
way simultaneously with a take-off on 
parallel runway. 

e Lack of an adequate taxiway system 
can be limiting factor to capacity of air- 
port. 

e Due to variations in airport geometry 
a standard taxiway layout is not prac- 
ticable, although certain portions of taxi- 
way layout can be standard. 


e Certain guiding principles to be fol- 
lowed in planning taxiway layouts will 


permit expeditious traffic flow on airport — 


surface, result in minimum interference 
with landings & take-offs, «& increase 
safety factor in movement of ground 
trafic by minimizing conflicts between 
paths. “Taxiways used as an entrance to 
or an exit from an instrument runway 
should conform to standards if maximum 
runway capacity is to be attained. 

e Adequate warm-up pads at point of 
entry to active runways are needed to 
permit flexibility in choice of aircraft 
for departure required to maintain de- 
parture rate of 40 aircraft/hr. 

e Exit points must be provided at fre- 
quent intervals along landing runway, « 
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design of these exit points must be such 
that aircraft can leave runway at speeds 
up to 30-45 mph to keep runway ac- 
cupancy time (airport boundary to edge 
of runway) to a minimum. Runway 
occupancy must be kept to 35-45 sec- 
_ onds to maintain a landing rate of 40/hr. 
e Number of loading positions required 
on airport ramp will depend on peak 
trafic conditions & time aircraft spend 
~ at ramp. 

e ‘Time spent on ramp depends on such 
factors as character of load (passenger 
or cargo), design & size of aircraft, 
number of passengers carried, & time re- 
quired for fueling. 

e Every effort must be made to reduce 


ramp time to minimum thru improved 
facilities & procedures for loading, un- 
loading & fueling aircraft. 

e Even with ramp time reduced to mini- 
mum, it appears likely that 25-35 load- 
ing positions will constitute bare mini- 
mum number required for airports 
operating close to a peak average rate 
of 40 aircraft landings « 40 aircraft 
take-offs /hr. 

e Lack of adequate building space « 
other facilities for prompt & efficient 
handling of passengers & cargo will re- 
sult in delays on ramp which increases 
requirement for ramp space & congestion 
problem on ramp. This may result in a 
deterioration of over-all efficiency of air- 
port & a decrease in its capacity. 


AIRPORT TRAFFIC CONTROL QUARTERS 


‘These essential features of an airport 
are usually operated as a CAA function. 
‘They are under CAA design control 
since their main function is to maintain 
safety of airport operations. 

e control cab (tower) 

equipment room 

chief controller’s office 

toilet room 

storage space 

engine generator space 

CAA has issued two sets of drawings 
(see samples illustrated) suggesting ac- 
ceptable alternate designs for either a 
free-standing control tower or a control 
cab for terminal building roof. Latest 


issue of these drawings is dated 1946 « 
in airport operations 5 years usually 
spells obsolescence. “Traffic control fea- 
tures are being revised & will probably 
be reissued as criteria rather than stand- 
ard drawings, in line with the en- 
lightened CAA policy reported in con- 
nection with terminal buildings them- 
selves. “They will also include diagram- 
matic space requirements for new elec- 
tronic aids to safe air & surface traffic 
control now being developed as parts 
of the common system. (Common pro- 
cedure for all users of airspace, civil & 
military.) A Flight Service facility is 
also being studied for smaller airports 
without control towers. 


SOUTH BEND AIRPORT TERMINAL 
BUILDING 


This excellent 1949-50 job (51) 
illustrates many points emphasized in 
this series—financing problems of extra 
income, considered relationship between 
airlines, passengers & visitors & provisions 
for expansion. We asked Roy A. Worden, 

AIA, architect for the terminal building, 
to send us a statement on planning 
which is reprinted below. 

“This building was first in which 
CAA participated financially in building 
construction. Up to that time such par- 
ticipation had been limited to field im- 
provements only. Work was performed 
as joint venture with a civil engineer, 
with clean-cut division of responsibility 
as to building « field improvements. This 
proved to be highly satisfactory arrange- 
ment & produced much better results 
than either profession could obtain in- 
dividually. 

“The County Aviation Commission, 
as owners, were at a complete loss in 


knowing physical requirements of a 
terminal building. In order to give archi- 
tect a rough program to follow, they em- 
ployed an aviation research firm which 
obtained population trends, projections 
of air traffic based on past growth, air- 
line operational functions, airline future 
plans, proximity & operational informa- 
tion of nearby major ports, community 
eating habits, etc., & translated this in- 
formation into recommended space re- 
quirements for various facilities. 

“Tn addition to these physical require- 
ments, owner added two more: 


e terminal building to be self-sus- 
taining project 

e terminal to be treated as a county 
recreational facility. (This require- 
ment was based on observation over 
a period of years that for every air 
passenger using port, there were 
probably 100 visitors who came just 
to watch planes & activity) 
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“First design steps were economic 
ones, wherein revenue required to sup- 
port & amortize each square foot of build- 
ing space was determined. Possible 
source of revenue in a medium-sized 
terminal were found to be: 


® space rental from airlines for ticket 
offices, baggage areas & communica- 
tion rooms 

® private concessionaires operating 
restaurant, coffee shop, vending ma- 
chines, gift counters, newsstands, 
barber shop, etc. 

e space rental for government agencies 
such as tower control, US Weather 
Bureau, Interstate Airway Com- 
munications, Aviation Safety Dis- 
trict Offices 


espace rental of small private offices 
(Many private firms in aviation in- 
dustry can function to great ad- 
vantage if an outlet is obtainable in 
terminal) ‘ 

e lighted wall display cases full length 
of corridors & in general lobby area 
(These, leased to major local & 
many nationally known firms, pro- 
duce a very high revenue, & are one 
of major sources of funds. ) 

e other minor revenue producers, such 
as pay toilets, pay shower rooms, 
coin-operated telescopes, coin-oper- 
ated storage lockers, coin-operated 
flight insurance policy dispensers. 


“With major considerations deter- 
mined, actual design involves intensive 
coordination of airline requirements; 
where several airlines maintain services, 
their differences in operational policy 
may almost prohibit a well organized 
plan. We were fortunate in having an 
Aviation Commission who backed judg- 
ment of architect to full limit in face 
of airline disapproval. 

“First design consideration is one of 
traffic. In the past, terminal design was 
completely dominated by airline think- 
ing. Their plan requirement consisted 
mainly of a large rectangular room with 
their offices & facilities strung along 
sides, with space left over available for 
all other facilities. Ideal traffic pattern 
segregates airline & visitor activity, yet 
makes either accessible to both. Small 
waiting areas near each airline ticket 
counter, plus a large general lounge, 
provide a successful solution. 

“A major problem in the past has 
been injury of people on loading ramps, 
due to conflict between powered baggage 
carts & pedestrians. A successful flow 
pattern completely separating pedestrian 
& vehicular traffic brings baggage, etc., 
in at a centerline between planes, 
fanning out on field side of planes, with 
passengers or pedestrians feeding in on 
each side of centerline to plane. 
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“Careful analysis must be made of 


facilities that need to be on field side 


of building. This is definitely premium 
space. In all cases, facilities to be de- 
voted to visitors should have maximum 
exposure on field side. This item may 
be deciding factor in making building a 
financial success. 


“History of all airport construction 
has been one of inadequacies. In such 
a rapidly expanding industry, it is highly 
important that any terminal building be 
so constructed that it can be readily 
increased in size & remodeled, which 
would dictate a skeleton system of fram- 
ing. 

“It is extremely important, when visi- 
tors are to be major source of revenue, 
that very adequate paved parking facil- 
ities be provided near entrance of build- 
ing. It has been experience of the St. 
Joseph County Airport that, on occasion 
of air shows, as many as 90,000 people 
have visited forainal on a week-end, this, 
from a county of 170,000 people. 

“Most terminals built to date include 
a control tower which, due to prime 
tequirement of open vision, is a very 
dificult element to work into a building. 
Control tower has utterly no connection 
with terminal activities, & feeling is 
growing in aviation circles that control 
tower could well be a separate structure 
completely away from terminal. If this 
were done, extremely expensive electric 
wiring for various controlled features 
of general airport, could be simplified. 

“A heartbreaking experience for an 
architect is to see airlines, communica- 
tions & tower control add antenna after 
antenna, of all size, design & description, 
promiscuously around roof of his build- 


ing It is impossible to anticipate & pro- 


vide for such things, as these features con- 
stantly change. It is therefore highly 
important that initial provision be made 
for remoting of all radio transmitting 
& receiving equipment, to keep it com- 
pletely away from terminal. As this is 
an item of expense usually borne by air- 
lines or agencies involved, opposition can 
be expected. 

“Tn the normal terminal project, there 
are an abnormal number of separate & 
sometimes conflicting groups involved in 
determining details of space. Airlines 
do not agree among themselves on mode 
of operation, & such differences must be 
resolved. Same can be said to some de- 
gree for various Federal aviation agen- 
cies. If an orderly solution to these con- 
flicting requirements is to be obtained, a 
complete understanding between archi- 
tect & Owner is necessary from start. 
Architect must know that he can count 
on unqualified backing of owner in de- 
cisions he will be required to make. 

“With large number of people visiting 


& using terminal facilities both day « 
night, it is well to select indestructible 
& impervious materials for all exposed 
surfaces. Malicious damage done even 
under these circumstances is beyond be- 
lief. Same applies in selection of furni- 
ture & furnishings, even to point where 
comfort should be sacrificed in favor of 
ruggedness, 


“Tn spite of very obvious elements in 
plan, it is necessary to label every 
facility in a terminal such as toilets, 
telephones, coffee shop, restaurant, alr- 
lines, etc. If such directional signs are 
not incorporated as a part of initial de- 
sign they will be added later in most 
promiscuous fashion, to detriment of 
building.” 


TRENDS & COMMENT 


COMMERCIAL JETS 


British & Canadian 
operators say @ e e 


BOAC will put the DeHavilland 
Comet into service probably by this fall. 
Canadian Pacific Airlines has ordered 
two which will start service in 1952. 
(This plane has flown successfully more 
than 300,000 miles in tests under all 
conditions & in limited passenger service ) 


US authority says e e e 


British gambled on skipping turboprop 
type & going directly into turbojets 
realizing they could not compete with 
US developments in piston-propeller 
transports (DC4, Constellation, DC6, 
Strato-cruiser ). 

There is no jet-powered commercial 
airliner in sight in the US. Whole 
evolutionary process (thru turboprop 
development) may take as long as 10 
years. 

Peculiarities of US military jets in- 
clude reduced icing, unsatisfactory civil 
radio facilities for navigation & com- 
munication above 35,000 feet « longer 
landing roll. 

Airline speeds of 500 mph plus may 
be here within a decade. 

Frederick Graham, New York Times 


TRAFFIC PREDICTIONS 
the operator says @ e @ 


By 1980, US domestic airlines will be 
flying 22 billion passenger-miles/yr. 
(See graph, page 10, March BULLETIN ) 
By 1970, air travel between cities will 
exceed rail travel—virtually all of com- 
mon carrier passengers moving more 
than 1000 miles. For trips between 
150 « 1000 miles more than half will 
fly. 

By 1980, air cargo form New York 
Metropolitan area will increase 7X. 

Port of New York Authority 


A CONDENSUS 


In 1949 the Engineering Society of 
Detroit held a Civic Affairs Meeting on 
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AIRPORT BROADCASTS 


For several years New York airports 
have had public announcers during peak 
visitor hours on weekends & holidays. 
For hours at a time the announcer, sta- 
tioned on control tower platform over- 
looking observation deck, gives a play- 
by-play description of incoming & out- 
going flights, celebrities, plane types & 
meteorology. 


This year a device will be installed 
which permits listening-in on conversa- 
tions between control tower & pliots 
taking-off & landing. For 10 cents, a 
spectator can use a headset for nearly 
5 minutes to hear this specialized jargon 


of instructions, interpreted by announcer. 
Fred Hift, New York Times 


OBSTRUCTIONS 
Kingsley B. Hill, AIA, has called our 


attention to problem of taller structures 
near airports & airways. It is wise to 
consider incorporation of required ob- 
struction lighting & marking at time any 
building is designed which may come 
within such regulations. When such 
features must be added later it is dif- 
ficult to provide for them from design 
or service (power, access & maintenance) 
viewpoints. 

CAA Technical standard order en- 
titled Criteria for determining obstruc- 
tions to air navigation (TSO-N18, 
latest revision 26 Apr 1950) indicates 
which structures will require treatment 
—any which project above the “imagi- 
nary surfaces” described in the order. 
(See illustrations ) TSO-N2, Uni- 
form requirements for lighting obstruct 
tions to air navigation gives instructions 
on required lighting & Obstruction mark- 
ing (74) covers painting & lighting of 
structures which are potential hazards to 
air commerce. The latter reference 
gives illustrations of recommended lamp 
equipment. 


ON AIRPORTS 


airports. ‘This was subsequently re- 
ported in the ESD publication The 
AP ONG pa, © AUS)ayal PAGE 5 
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AIRPORT TERMINAL BUILDING ACTIVITY 


RATIO NEWS AND NOVELTY COUNTER CUSTOMERS TO 
paty TOTAL PASSENGERS (PEAK HOUR) rele bea 


AVERAGE CT = WORMAL RANGE 
PASSEMGERS 


fo} 1.5 2 2.5 3 3.6 4 OVER 4 LOW MED. ‘HIGH 


ee 


1000+ 


ALL REPORTING AIRPORTS 


AIRPORT TERMINAL BUILDING ACTIVITY 


RATIO EATING ESTABLISHMENT CUSTOMERS TO TOTAL PASSENGERS 
(PEAK HOUR) 


rege A = wmeotan 

ac = WORMAL RA 

PASSENGERS a 
fo} a | 1.5 2 2.5 2) 35 4 OVER 4 _ Low MEO. HIGH 


Source: CAA (30) 
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Foundation by which we have been 
granted permission to reprint following 


excerpts: 


Any community contemplating a new 


airport or modernization of existing fa- 
*cilities must analyze its own problems 
with regard to present needs & also an- 
ticipate future expansion of those needs 
according to probable growth. Any air- 


port 


built today must be liberally 


planned, because its permanent facilities 
‘will outlast types of aircraft for which 
it was designed. 


CHARACTERISTICS OF GOOD 
AIRFIELD DESIGN 


adequate runway length & separation 
when parallel system is used. 
allowance for landing, take-off & taxi- 
ing as independent operations without 
interference. 

shortest possible taxi distance from 
aircraft loading apron to take-off 
point. 

safe approach zones with satisfactory 
glide-path ratios. 

land acreage sufficient for future run- 
way pattern expansion. 

lowest cost of construction. 

First step in planning an airport is 


preparation of traffic survey showing 
present volume & type of air traffic as 


well as ultimate volume community can 
reasonably expect to handle. 


should 
private flying, industrial air activity, & 


Survey 


indicate volume of expected 


commercial air passengers & cargo which 
will be handled in any given period. Also 
data analyzing peak traffic volume to be 
accommodated in ratio to total traffic 
volume, as well as timing of such peaks 


$000 
av 


AIRPORT 


REFERENCE POINT 


during a 24-hour period for each type 
of air traffic. This data, carefully con- 
sidered, will determine number & type 
of airports required to handle ultimate 
needs of community as well as respec- 
tive locations. 


8 SPECIFIC REQUIREMENTS: 
e flexibility 


Rapid changes in aircraft design 
necessitate close analysis of airport 
design trends to permit rapid expan- 
sion of landing areas. Buildings 
simple & flexible, not monumental. 
Final arrangement must allow modifi- 
cation or modernization in keeping 
with advances of aviation & progress 
in aircraft utility. 


e location 


Necessity of locating airport as close 
as possible to center of traffic genera- 
tion is second most important require- 
ment. Usefulness of airport depends 
largely upon location, since time re- 
quired to travel from home or place 
of business to airport must be kept 
minimum for convenience. 

Another important factor is distance 
passenger is required to walk to air- 
plane from place where he alights 
from his car, cab, or bus. This dis- 
tance should be as short as possible. 
A maximum of 700’ has been recom- 
mended for two reasons: convenience 
& time saving. 

Metropolitan areas need large ‘air- 
ports to accommodate large volumes of 
air traffic. Since large tracts of land 
are very seldom found close to center 


° 


4% 
ree 
%, 
a 
im INSTRUMENT) 


16000 
{ 
A 
1 


10000° 
Slope 501 


# 1000' for Department of Defense Air Boses. 
# 1500' for Department of Defense Air Boses. 


Source: CAA (74) 


INSTRUMENT |RUNWAY 


“_ TRANSITIONAL SURFACE 
Slope 7:1 — 


He 
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industrial & residential traffic arteries 
by expressways. 


size 


Communities have often built airports 
in places where future expansion was 
economically impossible because of 
surrounding real estate developments. 
With increased volume of air traffic 
& larger aircraft size, airports soon 
become obsolete. A good rule to fol- 
low is to acquire sufficient land or 
option it to meet requirements of 
next largest airport classification. 

Elevation of terrain above sea level 
must also be considered. Air density 
decreases at higher altitude & this 
necessitates longer runways in order 
to allow proper take-off « landing 
runs. Lower air density also reduces 
lifting force acting on wings of air- 
plane, thus requiring greater speed to 
obtain lift available at sea level «&, 
therefore, longer runways. At higher 
altitudes maximum engine horsepower 
of unsupercharged engines is reduced. 


obstructions 


Natural topographic features & arti- 
ficial obstacles which surround area 
have important bearing on usefulness 
of section for an airport. When these 
obstacles are close they create both 
real & mental hazards especially when 
they interfere with approach zones to 
runway. If approach zone obstacles 
project through imaginary approach 
slope line they reduce effective length 
of runways & this will result in a need 
for a larger landing area. 


SECTION A- IMAGINARY SURFACES 
Objects which project above the londing oreo or ony of the imaginory 
surfaces shown below sholl be considered obstructions to oir Navigation. 


<—— HORIZONTAL SURFACE 
150’ ABOVE ESTABLISHED. 
AIRPORT ELEVATION — 


\ 
“— Airport Reference Point 


Dist Feet 
TYPE OF AIRPORT | "Sunes: 0 Feet Pe 
PERSONAL 200 [2200] 5000} 3000/ 20:1 
SECONDARY 250 |2250| $000} 3000/20:1 
FEEDER a 300 |2300] 6000 | 5000/ 40:1 


TRUNK LINE 400 |2400/ 7000 
EXPRESS 500 |2500| 8600 
CONTINENTAL 3 500 |2500 |10000| 5000] 40:1 
INTERCONTINENTAL 500 |2500 [11600 | 7000] 4011 
INTERCONTINENTAL EXPRESS | 500 |2500]13000 | 7000] 40:1 
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® zoning 


Legal action must be taken to prevent 
future erection of obstructions which 
would hamper safe flight of aircraft 
in & out of airport at any later date. 
Efficient use of land in this zoned area 
should be goal of agency entrusted 
with airport zoning problem. In a 
residential area land could be used as 
parkways or for open-type recreational 
activities. Near an industrial airport, 
small commercial activities such as 
stores, service & storage facilities, park- 
ing lots, etc., could be established in 
this restricted zone. 


e meteorology 


Favorable weather conditions are de- 
sirable since frequent occurrence of 
bad weather may reduce amount of 
usability to such a low point as to 
make project uneconomical. A study 
of weather conditions for at least 2-3 
years preceding site investigation 
should be made to determine preva- 
lence or recurrence of smoke, dust, 
or fog; also directions & velocities of 
wind & degree of precipitation. Wind 
direction & velocity will affect runway 
direction & length. 


e utilities 

Careful consideration must be given 
to availability of utilities. If water 
is not available, « wells must be 
drilled to provide adequate supply to 
fill normal needs of airport & emer- 
gency requirements involved in fire 
protection, considerable expense may 
be required. Same problem must be 
considered for power supply, gas & 
sewage facilities of proposed airport. 


e balance 


When proposed plan has been rea- 
sonably well worked out, a proper 
“balance” must be achieved between 
runway pattern & ground facilities 
comprising administration building, 
passenger station, ramps, & hangars. 
Balance correlates all of parts of air- 
port to provide smooth flow of traf- 
fic, holds taxi distance to minimum, 
requires least passenger walking dis- 
tances, least handling of cargo, & 
efficient administration of all airport 
functions. 


FINANCING 


Any discussion of the airport problem 
would not be complete without some 
mention of fly-in-the-ointment in a prob- 
lem of this type, namely; financing the 
project. 
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Financing is usually accomplished by 
issuing bonds. However, most com- 


munities, when told of amount necessary | 


for construction of airport, usually 
shelve whole idea because of high cost 
involved. But, when facts are known, 
residents of community often will back 
issue. For example, in 1945, the city 
of Los Angeles passed a $12,500,000 air- 
port bond issue with a 5 to | vote. Civic 
«x business organizations which were 
seeking a new airport put on a 6-week 
advertising campaign & presented both 
sides of situation to public. 
that if Los Angeles was to have no fu- 
ture because of lack of adequate airport 
facilities, then community & people 
themselves would have none either. Thus, 
by presenting all sides of problem in a 
clear & understandable manner & with 
aid of an “‘all out” advertising campaign, 
bond issue was passed by an overwhelm- 
ing margin. 

Public financial burden can _ be 
lightened considerably by placing more 
emphasis on private income sources at 
airport. Usual sources, hangar & office 
space, repair services, fuel supplies, cigar 
& taxi stands, & ticket counters & bag- 


AIRPORTS & CITY PLANNING 


One of the Grand Rapids Convention 
seminars on urban planning (1947) was 
on this subject. It was given by Lane 
W. Wilcox, then Superintendent, Air- 
ports Branch, CAA, Chicago. 

Mr. Wilcox pointed out national de- 
ficiency in airport facilities & discussed 
influences of: 
military aviation 
scheduled commercial transportation 
non-scheduled commercial flights 
private flying 
Latter part of his presentation con- 
sisted of a comprehensive outline for 
preparation of a report on airport re- 
quirements for a municipality or other 
planning agency. “This carefully out- 
lined suggestions for a report on: 


B.A.I.D. PROGRAM 


Last Spring, the Beaux-Arts Institute 
of Design issued a Class A program 
(The Architectural Record Prize) en- 
titled dn airport terminal building, 
written by Walther Prokosch, AIA, air- 
port planning consultant. This called 
for design of a fair-sized airport for 
domestic & international flights. Accom- 
panying planning notes & space alloca- 
tion data indicated an informed esti- 
mate of typical requirements. Although 
these were prepared for architectural 
students, it was felt they would be of 
value to practicing architects & on re- 
quest permission was granted us to con- 
dense them herein. 


gage rooms must not be forgotten, of’ 


They stated 


course, but there are many other sources | 
which will provide substantial added in- 
come. 


EXTRA INCOME 


e movie theater of news-reel type would 
be very useful since time can pass 
quite slowly even while waiting at an 
airport 

e men’s haberdashery shop & a women’s 
apparel shop would be of assistance 
to many travelers. 

© rest rooms which incorporate shower 
& massage facilities would be a boon 
to tired air traveler 

e restaurant facilities at most airports 
are quite poor. A large & properly 
managed cafeteria offers a good oppor- 
tunity for profit making. Cafeteria 
should attract residents of community 
as well as customers of airlines. 


© bowling alley « other game facilities 
could be provided which would offer 
relaxation as well as a means of pass- _ 
ing time for travelers waiting for 
planes. 


survey ’ 
air trafic forecast 
airport requirements 
comprehensive airport plan “4 
preliminary site plan | 


approximate cost estimate 
effectuating the plan 


This seminar address was reprinted — 
in a pamphlet binding with others on 
urban planning, hospitals & schools given 
that year. There are still copies avail- 
able from: 


Publications Order Department 
American Institute of Architects 
1741 New York Avenue, NW 
Washington 6, DC 
at 25¢ per copy (114 pages, of which 
this address occupies five. ) 


“Key to successful terminal operation 
lies in obtaining maximum utilization of 
airplane loading positions. Thus, plan- 
ning effort should be directed to permit 
airplanes to be docked in simplest man- — 
ner; & passengers to be loaded or un- 
loaded most directly & quickly. It should 
be recalled that in addition to passengers, 
baggage, mail & cargo must also be 
loaded or unloaded from an airplane 
while it is docked at terminal apron. 

“Concessions should be arranged in 
such a manner that they will be 
patronized to fullest by passengers & 
visitors, but should not interfere with 
smooth flow of public circulation. 
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“Passengers & public should be segre- SPACE SCHEDULES 


gated as much as possible from opera- i f 
tion aspects of ie nal : indeed Ns ae = NUR 
“Car parking may be broken down to e airlines 
various areas related to terminal accord- A—operations 10,000 
ing to length of stay. Smaller lots for ticket counter 40 
short-term parking will be closer to ter- B—operations 6,000 
minal; taxi stands will be immediately ticket counter 20 
adjacent ; etc. C—operations 4,500 . 
_ “Airport terminals are probably sub- ticket counter 
jected to more demand for space increase D—operations 8,000 
than any other transportation facility. ticket counter 30 
Therefore, design should give considera- E—operations 3,000 
tion to ease of expansion of both opera- ticket counter 20 
tional & public areas. ; 
e government agencies 
: immigration 5,000 
BUILDING AREAS public health 4,000 
“Following table of building areas is customs 8,000 
offered as a guide for evolving plan. internal revenue 500 
Deviations of plus or minus 10% may be CAA 8,000 
tolerated without seriously affecting weather bureau 2,500 
operational quality of scheme.” control tower 1,000 
post office 3,000 
SUPPLEMENT cargo (in separate cargo terminal ) 
MOTRIBLIOGRAPHY © ° Pause ce 
waiting room(s) 30,000 
: us observation deck(s) 6,000 
(See May BULLETIN pages 16-18) apis 1,000 
toilets 2,000 
FINANCE stairs & corridors 6,000 
72. Airport costs & planning information booth 200 
L. A. Bryan Air Affairs Dec 1950: 556- e service space 
A airport administrative offices 1,000 
airport operations office 1,000 
TRAFFIC CONTROL porters lockers & toilets 800 
73. Air traffic control & the national employees toilets A oe 
: mechanical equipment rooms 1,500 
security 
Operational policy group, Air coordinat- eieoncescious 
ing committee, Department of Com- office space 2,000 
merce, Supt of Documents, Washing- ee 4,000 
ton 25, DC 1950 147 p dgmtv coffee shop 4.000 
See text. Also includes lists of personnel NAA eae 600 
participating in policy & experimental tasks ietehon 1,500 
& information on control in terminal area, barber shop 500 
enroute area, operational control, trafhe flow drug store 1,000 
regulation, the experimental demonstration, Arist 500 
historical review (congressional background) cift shop 500 
& much data on aircraft performance factors. newsstand (s) 800 
western union 100 
74. Obstruction marking, the painting & branch bank 600 
lighting of structures which are po- auto rental 100 
tential hazards to air commerce telephones SS 
Civil Aeronautics Administration: Supt parcel lockers 200 
of Documents, Washington 25, D.C. p 
1951 27p st 734 x 10/4 20¢ e vehicle parking 30 
Specifications for day & night marking of taxis 800 
all types of obstructions to air navigation. automobiles 


Appendix with various regulations including 


TSO-N18 mentioned in text. Line drawings ® permanent employees 


of typical lighting equipment & painting ° peak hour transients 


methods. passengers i ee 
visitors Z 
AIRPORT PLANNING ae TE ee ; igading positions 
al ane 1o 
75. Planning the air freight terminal be oe 150 ft. 12 


L. R. Hackney ASME annual meeting 


Ss 
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paper No. 49-A-133 1949 
28 p & 16 sup p 
Also abstract in Mechanical Engineer- 


ing Mar 1950: 248-249 p 


mimeo) 


76. London airport ground traffic, planning 
for the future 
Flight Jan 12, 19; 1950: 40-44, 85-7 dp 
Summary of London airport ground traffic 
movement, published by Ministry of Civil 
Aviation. Long-term planning, routing, con- 
trol, parking, vehicular trafic, passenger 
handling, jet blast walls. 


AIRPORT CONSTRUCTION 


77. Modern military aircraft change air- 
field design concepts 
J. B. Newman & H. E. Brown Civil 
Engineer Apr 1951: 206-210 gv 
Material on pavements as influenced by 
tire pressure. Changes caused by use of 
track type gear & jet engines. 


AIRPORTS—DOMESTIC— 


PLANS 
78. Baltimore (Md) Friendship field 
(9,450’) 
(Whitman-Requardt-Greiner Co., con- 


sulting engineers; E. J. Hofstetter, 


architect) Eng News-Rec Feb 1 1951: 
32-6 pv 
Description of many new features, in- 
cluding extra-income as well as technical 
details. 


79. Puerto Rico builds a lure for air traf- 
fic. Isla Verde airport (7,800’) 

(Toro, Ferrer & Torregrosa, architects ; 

Knappen, Tippetts, Abbett Engineering 

Co.) Eng News-Rec Mar 8 1951: 43- 


44 mpv 


80. World’s largest steel arched hangars. 
The Port of New York Authority de- 
velops a prototype design 
(Roberts & Schaefer, 

neers; Lorimer & Rose, architects) 
Arch Rec Apr 1950: 161-4 dpv 
Versatile basic design needed to accom- 


structural engi- 


modate variety of aircraft, also standardized 
unit for use under varying foundation condi- 
tions. Includes description of design, heat- 


ing, lighting and fire protection facilities. 


81. Aviation progress in Waterloo, Iowa 
(Flinn & Saito) Walter E. Betsworth 

American City Nov 1949: 104-105 s 
Description of special features to attract 

general public, including large hobby shop. 


AIRPORTS—FOREIGN— 
PLANS 


82. Hangar & offices, Collinstown airport 
(Dublin, Eire) 
(Hugh Roberts & Davies) Architects’ 
Journal Jun 7 1951: 735-738 pv 
Views & short description 


INDEXES 
83. Aeronautical engineering index 
1947-date 
New York, Institute of Aeronautical Sci- 
ences 4-V 


Reprinted from monthly issues of Aero- 
nautical Eng Review 


84. See also periodical indexes for subse- 
quent references: 


Art Index 

Engineering Index 

Industrial Arts Index 
These have been checked to date for this 
series of articles, except for 

_ periodicals. 

AVIATION PERIODICALS 
Aero Digest 
Aviation Week 


Civil Aeronautics Administration Journal 


aviation 


Flying 
Interavia (Swiss) 


REGIONAL CLIMATE ANALYSES & DESIGN DATA: XII. PORTLAND, ORE. AREA 


In the interest of making more varied 
use of our BULLETIN space, The Board 
of Directors has directed that the remain- 
ing sections of the climatology series shall 
be printed as separate supplements. These 


will be sent automatically to Institute 
members in the respective areas analyzed, 
and to subscribers to the reprint series. 
They will be sent, on request only, to other 
members who may wish a complete series. 
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Acoustics in the Designing of Public Spaces 


re oA 


A.A. 1951 Convention Symposium: Fundamentals of Design: Acoustics 


Abstract of address by Dr. VERN O. KNupSEN, Professor of Physics & Dean of the Graduate 
Division, University of California, Los Angeles. 


OST PEOPLE will agree that archi- 

tects & acousticlans meet together 

too infrequently, informally at 
the drafting board as well as more 
formally at technical meetings such as 
this one today. I value greatly this op- 
portunity to discuss with you a problem 
that has interested & intrigued me dur- 
ing the past 30 years. 

If I were to choose a single theme for 
these remarks about the acoustics of pub- 
lic spaces it would be let the architect 
search EARLY for the solution of his 
acoustical problems. Search should begin, 
in some instances, with selection of site 
& never later than when the architect 
begins first sketches concerned with 
shape, size, & location of those rooms in 
which acoustics is a relevant factor. 
Good acoustics in general cannot be 
added to an otherwise completed design. 
Unfortunately, too many architects be- 
lieve that good acoustics is simply a 
matter of applying sound-absorptive ma- 
terial to walls or ceiling of a room—in 
most cases only ceiling—in such amount 
as Is required to provide optimum time of 
reverberation as determined by the 
Sabine formula. This simple expedient 
often is necessary but it is far from suf- 
ficient for auditoriums, theaters, churches, 
lecture rooms, music rooms & many other 
public spaces. 

The notion that good acoustics can 
be obtained by applying absorptive mate- 
rial to certain wall & ceiling surfaces of 
a room derived much of its initial usage 
from the epochal experiments on rever- 
beration of W. C. Sabine, but it has 
persisted even after developments in ar- 
chitectural acoustics have demonstrated 
that reverberation is only one among 
several important factors which de- 
termine acoustical quality of a room. 
Most inquiries about acoustics of build- 
ings that have come to me from archi- 
tects, even within the past five years, are 
accompanied by prints of working draw- 
ings of proposed buildings, or of draw- 
ings far advanced beyond preliminary 
stage. Not infrequently, foundations 
for the building have been poured, & 
sometimes building is already completed 
—except for its acoustics! Some designs 
accompanying these inquiries have shown 
that the architects have an adequate 


grasp of essential principles of architec- 
tural acoustics, but many other designs 
are far from satisfactory. In Fig. 1 are 
shown some typical examples of audi- 
torium shapes, in plan, that have been 
submitted to me for acoustical analyses 
& recommendations—not as preliminary 
sketches but as completed drawings, or 
even later. Shape shown at (a) is for 
a completed lecture room; lecturer 
normally stands at position marked c, 
which is center of curvature of a hard 
plaster cylindrical wall surrounding the 
lecture platform. When lecturer speaks 
from this position he hears his own voice 
magnified by reflective action of the 
cylindrical wall, which converges sound 
to his own ears. He gets impression 
that he is speaking too loudly, « hence 
lowers his voice, with result that he is 
about the only person in the room who 
can hear what he is saying. When he 
moves to another position s on the plat- 
form, he & one localized position in the 
seating area at s? are at conjugate foci. 
Hearing can then be quite satisfactory 
in that one position s*, but at expense of 
too little reflected sound at all other seat- 
ing positions. Similar defects are illus- 
trated in (b) & (c) of Fig. 1. 

Shape shown at (d) is typical of a 
design frequently proposed, & used, for 
motion picture theaters. One such de- 
sign covered a lot approximately 50’ x 
250’. When sound level in such a 
motion picture theater is high enough 
for satisfactory hearing in rear seats it 
usually will be uncomfortably loud in 
front seats, & when at proper level for 
front seats it will not be adequate for 
rear seats. “This difficulty is accentuated 
when walls « ceiling of theater are 
treated with absorptive material. Fur- 
thermore, when scene & sound are syn- 
chronized for front seats, sound reaching 
rear seats will lag as much as 4% second 
behind the scene. “These difficulties can 
be partially corrected by distributed & 
directional loudspeakers but other dif- 
ficulties are then introduced. 

Circular shape shown at (c), with 
minor modifications, has been submitted 
to me for a legitimate theater, for a 
motion picture theater, for a school audi- 
torium, for a synagogue, & for several 
other room designs in which good 
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(a) 


(b) 


(c) 


(d) 


Fig. 1 
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acoustics is a prime requirement. Such 
circular designs, especially if the cylin- 
drical walls are smooth & reflective, are 
inherently susceptible to such acoustical 
defects as poor distribution of reflected 
sound, with resultant troublesome foci 
& “dead spots,’ & also to “whispering 
gallery” effects, that is, ‘creeping’ of 
high-pitched sounds around the cylin- 
drical walls, which act as a wave guide. 
These defects can be minimized by 
judicious use of alternate vertical bands 
or strips of absorptive & reflective mate- 
rial on walls, or they can be practically 
eliminated by introducing appropriate 
convex diffusers along selected portions 
of the cylindrical walls. 

If the architect seeks early for best 
shape of a room in which excellence of 
acoustics is a prime requirement, he 
usually will avoid such shapes as those 


(25,000) 
(100,000) 


PERCENTAGE 
SYLLABLE ARTICULATION 


Pz 

eS 
nf 
O5 
Eo 

2 
(4) 
D 
@ 
mw) W 
Om 

ia 

3 

n40 

2OneIGO LN 404 ESO 


PAGE 12 JULY, 


60 
DISTANCE FROM STAGE IN FEET 


1951 


shown in Fig. 1. If he approaches his 
problem with an adequate understanding 
of acoustical principles he probably will 
evolve functional shapes that begin right 
rather than wrong, & that lead to a com- 
pleted room with hallmarks of excellence 
of design rather than a room in which 
basic errors of design have been amelio- 
rated by afterthoughts about acoustics. 
The importance of shape in acoustical 
design of all rooms in which hearing of 
speech is a necessity has been convinc- 
ingly demonstrated by recent work of 
T. Korn? of the University of Brussels. 
Korn’s contribution marks a significant 
advance in development of techniques for 
determining quantitative effects of direct 
sound as well as masking effects of 
reverberant sound on intelligibility of 
speech as heard by listeners in a room. 
Let us review briefly various acoustical 


PERCENTAGE 
SYLLABLE ARTICULATION 


factors that affect intelligibility of speech 
inaroom. In 1932 & earlier the present 
author 2 demonstrated effects of loudness 
of speech, of reverberation time, of lo- 
cation of a listener in a room, & 
of noise, on speech (syllable) articula- 
tion in a room, & devised a simple 
formula for calculating average per- 
centage syllable articulation of unampli- 
fied speech in a typical rectangular room. 
Fig. 2 shows influence of reverberation 
time (at 512 cycles) on average articu- 
lation for noise-free, rectangular rooms 
having volumes indicated. Fig. 3 shows 
how average articulation depends upon 
speaker (principally loudness of his 
speech). Curve A is for average of a 
group of 14 speakers. Curve L is for 


speaker having loudest voice in group, & 
curve W is for speaker having weakest 
Fig. 4 gives percentage syllable 


voice. 


Reduction Factor - % 


=~ 
Oo 


80 90 , 


fe fj 4 5 6 7 8 
Reverberation Time- Seconds 
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articulation for different locations in a 


rectangular auditorium (with an audi- 


ence present) having a_ reverberation 


time of 2.1 seconds at 512 cycles. Fig. 
reveals quantitatively, what is gen- 
erally recognized by the public, that 
hearing conditions usually are poorest 
in rear seats of an auditorium, especially 


under a balcony, & become progressively 


better as distance from speaker to listener 
is diminished. Fig. 4 also shows that 


speech articulations at various locations 


in an auditorium differ greatly from 
average of all locations. 

Obviously, masking effect of rever- 
berant sound on intelligibility of speech 
depends upon intensity or loudness of 
direct sound reaching a listener as well 
as that of reverberant sound. Now in- 
tensity of direct sound is inversely pro- 
portional, approximately, to square of 
distance between speaker & listener, but 
reverberant sound in a room is, approxi- 
mately, same in all positions in a room. 
Therefore, ratio of direct to reverberant 


intensity of speech reaching a listener 


} 


depends greatly on distance between 
speaker and listener; it depends also 
upon shape of room & upon amplification 
& directivity characteristics of public 
address system, which is an indispensable 
aid for good hearing in all large audi- 
toriums. 

It is at this point that the recent ad- 
vance of Korn, to which I have referred, 
& somewhat similar advances proposed 
earlier by Maxfield « Albersheim,? by 
Bolt « MacDonald,* « by others, are 
significant in demonstrating important 
role that shape has in determining 
acoustical properties of all public spaces 
in which hearing of speech is an essential 
requirement. “This can be seen readily 
in Fig. 5, which summarizes results 
calculated by Korn. Parameter d is 
ratio of sound energy densities of direct 
& reverberant sound; d can be calculated 
in terms of acoustical power & directiv- 
ity index of sound source, distance from 
source, total absorption of room, & shape 


of room. The solid line curves give an 


index of speech articulation as a func- 
tion of reverberation time (at 512 
cycles) for indicated values of d. It will 
be seen, for example, that when intensity 
of direct sound is 5 times greater than 
that of reverberant sound (d=5), as 
it would be for a certain position, rela- 
tively near sound source, speech articula- 
tion is very little affected by reverbera- 
tion time. On other hand, when direct 
sound intensity is only a small fraction 
of reverberant sound intensity, as it 1s 
at great distances from sound source 1n 
reverberant rooms, speech articulation 1s 
greatly affected by reverberation time. 
The dotted curve in Fig. 5 gives average 
speech articulation index present author 
obtained more than 20 years ago, which 


corresponds to index at a distance of 
about 45 feet, at which distance value 
of d ranged from about 0.05 to 0.5; 
this dotted curve therefore cuts across 
several of the solid line curves. 

The important conclusion that the 
architect should draw from results 
shown in Fig. 5 is that intensity of direct 
sound reaching listeners in a room is no 
less important than reverberation time 
in determining how well speech will be 
heard in that room. In fact, it is stand- 
ard practice today to provide adequate 
reduction of reverberation time in prac- 
tically all rooms that architects design, 
but what is almost universally neglected 
is design of room shapes that will maxi- 
mize intensity of direct sound reaching 
audience. ‘This neglect is a particularly 


deleterious shortcoming in rooms for 
which sound amplification is not & should 
not be provided, that is, for rooms having 
volumes less than about 50,000 cf. 
Fig. 6 is an example of an acoustical 
study of a small auditorium (a room to 
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be used for lectures & debate) based on 
a consideration, among other things, of 
room shape & location of reflective sur- 
faces that will give a maximum of direct 
x beneficially reflected sound to audience. 
(Sound is beneficially reflected when it 
is delayed, with respect to direct sound, 
not more than about 0.03 second, which 
corresponds to a path length of about 
34 feet.) Practically all of once- & 
twice-reflected sound rays from a lec- 
turer in a room constructed in accord- 
ance with the design of Fig. 6 will be 
directed to seating area, or rear wall, & 
will be nearly in phase with direct sound 
so that it will reinforce direct sound & 
not interfere with it. Furthermore, since 
seating area (covered with. upholstered 
chairs), rear wall, & portions ot side 
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walls are absorptive, there will be only 
a slight amount of sound reflected from 
these surfaces; therefore, there will be 
relatively little reverberant sound, & thus 
ratio of direct to reverberant sound in- 
tensities will be large, which in accord- 
ance with Fig. 5 will insure a high speech 
articulation index, 

Steep rise of seating area not only al- 
lows all auditors a good view of lecturer, 
top of the lecture table, blackboard, 
charts, projection screen, & other acces- 
sories, but it also prevents large absorp- 
tion of direct sound that occurs when 
a sound wave grazes over an absorptive 
surface. Patches of absorptive material 
randomly located on side walls not only 
contribute to attainment of optimum 
reverberation time for room but also aid 
in promoting a favorable diffusion of re- 
flected sound. ‘The reflective wall be- 
hind lecturer, & reflective splays on both 
sides of & above him,* not only rein- 
force his voice but enable him to be heard 
well, even when his head is turned away 
from audience. “The room thus facili- 
tates easy speaking as well as good hear- 
ing. Another planned acoustical char- 
acteristic of the room is avoidance of 
opposite pairs of parallel walls, between 
which annoying “flutter” echoes (or un- 
anticipated resonances) might occur. A 
portion of rear wall is parallel to front 
wall, but is covered with a highly absorp- 
tive material & therefore will not reflect 
enough sound to produce an_ echo. 
Finally, an acoustical requirement no 
less important than others we have con- 
sidered, is freedom from noise. Noise 
level in lecture room of Fig. 6, as in 
other similar speech rooms, should not 
exceed 35 decibels, as measured with a 
standard sound level meter, using the 
40-db frequency-weighting network in 
the meter. In order to meet this low 
noise level requirement, it usually is 
necessary to dispense with windows; to 
use heavy, solid panel doors, fitted in 
their frames so that all threshold cracks 
are eliminated; to introduce suitable 
sound filters in ventilating ducts; & to 
treat lobby & other spaces leading to 
room as “‘sound locks.” 

General principles of acoustical design 
considered in connection with lecture 
room of Fig. 6 apply to other public 
rooms having volumes less than about 
50,000 cf. For smaller class rooms, con- 


* These reflective surfaces are plane in 
Fig. 6; slightly convex surfaces are some- 
what better acoustically than plane ones but 
it is doubtful that extra cost & wasted floor 
space of convex surfaces would be justified 
in average lecture room. Splayed sections of 
ceiling above lecture table & at extreme rear 
of room are very helpful in their reflective 
functions, & approximate inclinations indi- 
cated for these splays should be preserved. 
Slopes of other sections of ceiling are not 
so critical, & relatively little will be sacri- 
ficed acoustically by leaving them level. 


Oa PAGE 13 


ventional rectangular rooms will usually 
be satisfactory, provided: 

_e desks, tables & other furniture cover 
floor so that there will be no flutter 
echo between parallel surfaces of 
ceiling & floor 

e book shelves, windows, doors, & 

other wall “irregularities,” includ- 
ing panels of absorptive material, 
prevent flutter echoes between 
parallel pairs of walls 

e reverbation time is reduced below 

1.0 second 

e noise level is not more than 40 db. 
In general, length of room should not 
differ much from width—a ratio of 
length to width of about 1:1.1 to 1:1.2 is 
satisfactory. Ratio of any two dimen- 
sions should not be a small whole num- 
ber or very close to a small whole num- 
ber, because such proportions give rise 
to resonant frequencies that tend to 
coalesce or fall on top of each other & 
thus produce annoying room resonances. 
In general, it is advisable to distribute 
absorptive material on side & rear walls, 
in patches, strips, or panels, leaving ceil- 
ing & front wall reflective to serve as 
“sounding boards,” which thus improve 
room for recitation purposes. 

Small theaters & small school audi- 
toriums can be designed along lines 
similar to lecture room of Fig. 6. If 
stage is set with rear, side, & overhead 
splays, made of reflective material, 
that stage enclosure approximates shape 
& dimensions of front end of room shown 
in Fig. 6, average speech will be heard 
satisfactorily, without amplification. 

Such a small auditorium should have 
following characteristics : 


OPTIMUM REVERBERATION TIMES 


512 to 4096 


frequencies below 256 cycles 
speech only 0.8-1.0 sec 0.8 sec 
music only 1.2-1.5 sec 1.2 sec 
both music 

& speech 1.0-1.25 sec 1.0 sec 


| | 

When stage is set for musical programs, 
reflective materials, such as plywood or 
heavily painted canvas, should be used 
for rear, side & overhead splays of set, 
but side & overhead splays should not 
diverge so much as they do when used 
for spoken programs. Plywood is 
preferred material for erection of such 
a set or “shell,” especially when stage 
recess is large & subject to too common 
acoustical defects of echoes, long delayed 
reflections, & faulty reverberation. Pur- 
pose of set is threefold: 
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e to enable members of a chorus, 
orchestra, or other members of a 
musical ensemble to hear each other, 
& thus perform in synchronism & 
proper loudness balance 

e to blend ‘‘voices” of ensemble into 
a unified whole 

e to reflect this blended music to 
audience. 

If auditorium, or other public space, 
has a volume in excess of 50,000 cf, 
artificial amplification of speech is neces- 
sary for satisfactory hearing. Amplifica- 
tion may be necessary in smaller rooms 
than this, especially in court & other 
assembly rooms where noise level is 
often in excess of 45 or even 50 db, or 
where it is not practical to utilize re- 
flective surfaces to reinforce voices of 
speakers. 


In large auditoriums, where sound 
amplification is to be provided, room 
shape is not so critical for reinforcing 
voice of speaker as it is in small audi- 
toriums (as was illustrated in Fig. 6), 
but room shape & dimensions then _be- 
come extremely important in_ respect 
of possible echoes, interfering reflections, 
proper diffusion of sound, & a pleasing 
growth & decay of transient or rever- 
berant sound. 


Inherent sources of acoustical defects 
in large auditoriums usually stem from 
large dimensions of enclosure and/or 
large unbroken surfaces which comprise 
walls & ceiling—especially when these 
surfaces are reflective & concave. Large 
dimensions are of course unavoidable, al- 
though in good design these are reduced 
as much as is practical by means of bai- 
conies, avoidance of unnecessarily high 
ceilings & other judicious measures that 
tend to keep ratio of volume to seat- 
ing capacity reasonably small (usually 
not more than 200 cf/seat), & that keep 
audience near stage. Large, unbroken 
surfaces, especially if concave, emphasize 
defects of delayed reflections, introduce 
large & deleterious irregularities in 
growth & decay of sound, & usually give 
rise to a non-uniform distribution of 
sound throughout auditorium. 

But even when everything possible has 
been done structurally to eliminate fore- 
going defects & to provide optimum re- 
verberation & most favorable distribution 
of sound throughout a large auditorium, 
the most serious acoustical shortcoming 
persists. This shortcoming is lack of 
adequate acoustical power in unamplified 
speech & in certain other sources of 
sound; it can be overcome only by use 
of a high-quality sound amplification 
system. When it is remembered that a 
speaker with a rather powerful voice 
generates an average acoustical power 
of not more than 100 microwatts, which 
barely suffices for good hearing in a 


. BULLETIN OF THE AMERICAN 


small auditorium, it will He appreciated i 
that amplification is insdispensable in all 
large auditoriums. i 

But amplification of sound, like other 
acoustical requirements for an audi- 


torium, should receive attention of archi-— 


tect & acoustical engineer during initial 
stages of design of auditorium. A good 


sound system is not a piece of equipment | 


to be installed as an afterthought, but 
is an integral part of the acoustical de- 
sign of the auditorium, & requirements 


of sound system should & no doubt will | 


affect significantly future design of audi- 
toriums. Up to present, location of 
loudspeakers has been relegated to posi- 
tions above or at two sides of proscentum 
opening. Proscenium & stage of some 
future day, it seems reasonable to pre- 
dict, will be designed on considerations 
that give proper weight to sound as well 
as scene; 


provide best possible “coverage” of entire 


4 


if « when that is done, loud- 
speakers will be located where they will — 


seating area & where they will preserve 


illusion that sound comes from its place © 
of origin on stage. “This may require 


an elevation of stage floor so that atch 
j 


least low-frequency units of loudspeakers” 


{ 
| 


can be located below level of stage floor, © 


or a lowering of height of proscenium= 
opening so that loudspeakers are not un- 
duly high above stage, or we may expect _ 
even more radical departures from con-_ 
ventional designs. Furthermore, chapel 
of auditorium, & location of absorptive 
materials, should be worked out giving — 
due regard to location & directional char- 
acteristics of loudspeakers. 


Power requirements for a 
amplification system increase with size 
of auditorium. For speech, loudspeakers 
should be able to deliver not less than 
V x 10° watts of undistorted acoustical 
power, where V is volume of auditorium 
in cubic feet. For music, a considerably 
greater power is required. Undistorted 
electrical power output of amplifiers 
which actuate loudspeakers should ex- 
ceed these power values by an amount 
determined by efficiency of loudspeakers. 
Microphones & amplifiers should be free 
from both frequency & non-linear dis- 
tortion, & loudspeakers should be of 
highest possible quality. 4 sound system 
is no better than its loudspeakers. If 
auditorium is to be used considerably 
for drama or opera, a stereophonic sound 
system should be provided. Such a 
system has great advantage that it re- 
produces sound with its spatial character 
preserved, thus giving illusion that 
sounds originating at different positions 
on stage come from their places of. 
origin on stage & not from loudspeakers. 


Although design of music rooms is be- 
yond the scope of present paper, fol-. 
lowing general remarks about small 
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music rooms may be helpful in orienting 
architect to this important task. Acous- 
tical properties of a music room, «& 
especially a small room, influence quality 
of music performed & heard in that room 
almost as much as do acoustical proper- 
ties of instruments played in room. In 
fact, instrument & room become a 
coupled system, & what one hears is in 
large part response of room to driving 
action of instrument. Room, therefore, 
no less than instrument, must have a 
good frequency characteristic, must be 
free from disagreeable resonances, & 
should possess other desirable acoustical 
properties. A cubical room has worst 
possible frequency characteristic; natural 
resonances tend to fall on top of each 
other, thus accentuating response of room 
to certain resonant frequencies, so that 
room has a most annoyingly non-uniform 
response. Frequencies of first 15 or 20 
modes of vibration of a proposed small 
music room should be computed, for 
various permissible dimensions of length, 
width & height, & those dimensions should 
be chosen that give most uniform spac- 
ing of resonant frequencies. 
Absorptive material should be dis- 
tributed so that 
e “source” end of room is somewhat 
more “live” or reverberant than 
listening end 
e all modes of vibration of room are 
damped at about same rate & so 
as to give optimum reverberation 
to room 
e sound is adequately diffused so that 
transient sounds build up «& die 
away smoothly 
e there are no flutter echoes between 
parallel pairs of opposite walls. 
These conditions will not be met, as 
too many architects suppose, by ‘“‘acous- 


ticizing”’ ceiling of room. If room has 
carpet, or upholstered chairs, or seated 
audience, covering much of floor, it is 
probable that no absorption is needed in 
ceiling, & that a few judiciously located 
panels or strips of absorption on rear & 
side walls will meet the four acoustical 
conditions just mentioned. 


Acoustical design of large music 
rooms is too large & too complex a sub- 
ject to encompass in a half-hour lecture. 
It is a sad but true commentary on 
American culture to say that we have 
greatly neglected construction of con- 
cert halls & other public music rooms. 
The theater or school type of auditorium 
is required to “double” as a concert hall, 
even though it is well known that 
acoustical requirements for good speech 
rooms differ considerably from those for 
good music rooms. ‘Too frequently, this 
type of concert hall is essentially two 
large concrete boxes (stage recess & audi- 
torlum) joined by a common opening. 
Stage is usually surrounded by hangings 
which absorb only high frequencies & 
transmit low frequencies like a sieve. It 
is expecting the impossible to suppose 
that such a structure will be a good 
music room. 

A good music room is a work of art & 
science, not merely two rectangular 
rooms joined by an opening through 
which spectators can see the stage. A 
good music room must provide proper 
conditions for generation of music no 
less than for listening to that music. The 
musician performs best when he feels 
support & reinforcement provided by re- 
flective surfaces in close proximity to 
him. The listener wants & is entitled 
to this reinforced music, with all fre- 
quency components properly preserved & 


blended, free from echoes & harsh reflec- 
tions, & with enough reverberation to 
give life & unity to music but not so 
much as to “blur” or confuse separate 
components of music. “These are prime 
requirements that the architect must 
consider & meet in design of music rooms, 
the most difficult but challenging acous- 
tical problem confronting the architect 
today. Here, of all buildings an archi- 
tect designs, is where it is of supreme 
importance to recognize that good 
acoustics begins with first line on the 
drafting board, & should guide every line 
& move from thereon to completion of 
building. 
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Fig. 1. Examples of room shapes that 
often lead to faulty acoustics. 

Fig. 2. 
ticulation vs. reverberation time in audito- 
riums having volumes of 25,000 to 800,000 
cf. 


Fig. 3. Average percentage syllable ar- 


ticulation in an auditorium having a volume — 


of 400,000 cf for speakers with voices of 


average loudness (curve A), speakers with — 
weak voices (curve W), & with loud voices ~ 


(curve L). [See text.] 

Fig. 4. Percentage syllable articulation 
in an auditorium vs. distance from stage. 
[See text. | 

Fig. 5. Curves showing effects of re- 
verberation time & of ratio d of energy 
densities of direct & reverberant sound on 
reduction of speech articulation (Korn). 
[See text. ] ¥ 

Fig. 6. Acoustical study of lecture room. 


Control of Noise in Buildings by Air Conditioning 
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ATURAL MEANS of ventilation & 
N cooling which require opening of 

windows or doors are incompatible 
with noise control in buildings. . Air 
conditioning, therefore, becomes essential 
in control of noise, but air conditioning 
may create new noise problems (fans, 
motors, refrigerant compressors, pumps). 


ROOM NOISE LEVELS 


Room noise levels vary through ex- 
tremely wide limits depending upon 
occupancy & individual characteristics of 
each room. It is desirable to know 
range of expected background room noise 
levels for rooms of different uses. This 
should include background noise from 


all sources characteristic of normal oc- 
cupancy with windows & doors closed but 
without air conditioning. In a small 
quiet room extra noise due to talking & 
walking should not be included in ex- 
pected noise but it should be in a large 
room occupied by many people where 
such noise is relatively continuous. 


AIR CONDITIONING EQUIPMENT 
NOISE 


Room noise level resulting from opera- 
tion of air conditioning is not taken 
directly at equipment or at air openings 
into room. Instead, it is for a charac- 
teristic location for an occupant of room 
& may be reasonably close to noise source. 
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For room air conditioners, standard ob- 
servation point is 5’ from wall directly 
in front of unit & 4’ above floor. The 
noise level is determined by correcting 
room noise level with equipment in 
operation for effect of noise level with- 
out equipment in operation. From in- 
spection of the chart it is evident that 
it is possible to match expected noise 
levels of any type of room with room 
noise levels of equipment. 


ACCEPTABLE AIR CONDITIONING 
NOISE LEVEL 


At low end of noise scale there are 
special problems involved in air condi- 
tioning of movie sound stages, broad- 
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Average percentage syllable ar- — 


EXPECTED ROOM NOISE LEVEL RANGE 
(Weighted for Ear Response) 


AIR CONDITIONING SYSTEM 
USE OR OCCUPANCY CLASSIFICATION* DECIBELS CLASSIFICATION ** 


15 


-20- 
Central station systems especially 
designed for spaces where sound Is 

5 reproduced 


Movie sound stages, radio, recording and 
television studios 


Home air conditioning systems.. 
Central station systems (acousti- 
cally treated for quiet rooms) 


Residences, (suburban), offices, execu- 
tive, acoustically treated) 


Residences, (city), apartments, hotel Induction Room Unit Systems 


(bedrooms), offices (private), theaters, 
auditoriums, churches, hospitals, class- 
roams, courtroons, libraries Fan-coil Room Unit Systems** 

Central station systems (acoustically 
treated for rooms of medium noise 
Offices, (medium), public buildings, level ) 
small stores, upper floors of depart- 


elf-contained (room) air condition- 
ment stores. hotel dining rooms, banks. 


ing units 


Self-contained (store) air con- 
Offices, (general) stores (general, in- ditioning units. 
cluding first floor of department store) 


restaurants and cafeterias 


Central stations systems (no 
acoustical treatment} 


-15 


Factories 
Office - machine rooms 


-80- 


* The room noise levels given include the normal background noises due to occupancy and location with 
windows and doors closed but do not include short intermittent peaks or air conditioning equipment 
noises. 


**Room noise level due to the operation of the air conditioning equipment. 


On left side are shown values for different classes of use or oc 


: j cupancy with windows closed but with i itioni 
right side of chart is shown range of room noise level due to oper f Se MHerORE Reece eo 


ation of air conditioning equipment of different types. 
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casting & television studios. Severe re- 


quirements are imposed by need for high 
fidelity reproduction of sound & in cer- 
tain cases have resulted in specification 
f a room noise level of 20 decibels 
above a frequency of 300 cycles per sec- 
ond & of 30 db at lower frequencies, 
based upon a sound level meter reading 
using a flat, not an ear-weighted net- 
work. Such requirements can be met 
only with very specially designed air 
conditioning systems. 

In very quiet homes & offices it is 
usually not practical to provide air con- 
ditioning equipment having as low a 
noise level as expected background noise 
level of space. Even though background 
noise level of a home may be as low as 
25 db, air conditioning apparatus pro- 
ducing a room noise level of 40 db is 
usually quite acceptable. Such a noise level 
is low enough so that there is little inter- 
ference with intelligibility of speech. In 
such a situation, character of combined 
noise will be determined largely by that 
of apparatus noise. ‘Therefore, quality 
of this noise is extremely important. 

In spaces having intermediate noise 
levels of order of 50 db a good rule 
is to select-equipment having approxi- 
mately same room level as background 
level without air conditioning equipment 
running. This gives a combined room 
level only 3 db higher than each of the 
separate levels & air conditioning noise 
is seldom noticeable during normal oc- 
cupancy. 

In higher room noise level range from 
60 to 90 db it is desirable to have room 
noise level due to equipment appreciably 
lower than expected background noise 
of room, preferably as much as 5 db 
lower at upper end of range, so as to 
avoid loss of speech intelligibility. 


IMPORTANCE OF HIGH QUALITY OF 
AIR CONDITIONING NOISE 


Much higher noise levels of air con- 
ditioning equipment relative to room are 
acceptable where quality of air condi- 
tioning noise is high, in fact air condi- 
tioning apparatus noise of good quality 
may have positive value as a means of 
masking other noises which are less de- 
sirable in quality as, for instance, in 
hotel rooms & offices in noisy locations. 
Poor quality of noise is usually associated 
with a variation or discontinuity of noise 
either with respect to time or space. 
Time discontinuity is sometimes ob- 
served as a periodic variation of noise in- 
tensity in form of beats which result 
from interaction of exciting forces of 
different frequencies as, for instance, 
combination of noise due to rotation of 
an electric motor with electrical hum of 
motor or variation of noise which may 
result from different rotational speeds 
of imperfect belts & pulleys. Noise hav- 


ing a predominant single frequency can 
be very objectionable due to standing 
waves which are set up by reflection 
within room. When a person moves 
around the room these standing waves 
seem to give effect of a variation in in- 
tensity of noise. On other hand a high 
quality of noise is one in which noise is 
well distributed over frequency spectrum 
& in which there is no predominant 
frequency. Also, it is important that 
there be no time discontinuity. 


NOISE CONTROL IN AIR CONDI- 
TIONING EQUIPMENT 


In discussing problems of noise con- 
trol in air conditioning equipment it is 
desirable to think of equipment as 
divided into certain classes depending 
upon space relationship between air con- 
ditioning & refrigeration equipment & 
room. At one extreme is central station 
equipment in which refrigeration & air 
conditioning processes are carried on re- 
mote from space which is air conditioned, 
conditioning effect being supplied thru 
ducts. On other extreme is_self-con- 
tained air conditioning equipment which 
is located completely within conditioned 
space & in which all air conditioning 
functions are provided with equipment 
located within conditioned space. Be- 
tween these two extremes are two other 
types frequently used for multi-room air 
conditioning. One of these is induction 
type of air conditioning system in which 
part of heating & cooling is done in con- 
ditioned space & air is circulated in room 
by jet action. Second type is fan-coil 
system in which air circulation is usually 
accomplished by motor driven fan located 
in conditioned space. Each type of sys- 
tem provides a different balance of per- 
formance & cost & each type will produce 
satisfactory results when properly applied 
to use for which it is particularly suited. 


CENTRAL STATION SYSTEMS 


In central station systems air to be 
conditioned is drawn thru a duct system 
from outside & from conditioned spaces 
to an air conditioning apparatus consist- 
ing of filters, spray or coil, & fan. Noise 
level at inlet & discharge of fan is charac- 
teristically 70 to 100 db depending 
largely upon static pressure across fan 
as determined by size of system & char- 
acter of system design. 


NOISE THROUGH DUCTS 


Airborne noise from apparatus is trans- 
mitted to room thru duct system. There 
is a certain amount of natural attenuation 
in such systems mostly in form of re- 
flections set up by elbows & branch 
fittings. Fortunately, this attenuation 
is greatest for low frequency sound & 
for small sizes of ducts thus noise from 
a system having a number of branches 
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drops off rather rapidly for branches 
farther from .apparatus. In addition 
there is a substantial drop in noise level 
from air conditioning outlet or return 
opening in room to room noise level at 
a reasonable distance from outlet or re- 
turn. “This difference is usually of order 
of 10 to 25 db. Because of this natural 
attenuation from fan to room it Is pos- 
sible to install air conditioning systems 
which are satisfactory in less exacting 
applications without use of any special 
sound treatment. 


DUCT SCUND ABSORBERS 


Where a moderate amount of addi- 
tional sound attenuation thru duct sys- 
tem is required it is ordinarily accom- 
plished by introduction of a duct lining 
of acoustically absorbent material or use 
of sound absorber cells in duct system 
near apparatus. It is possible by this 
means to obtain additional attenuation 
of 10 db with ease. Most sound absorb- 
ent materials are much more effective in 
removing high frequency noise than low 
frequency noise. Since most air condi- 
tioning noise contains both high « low 
frequency components first part of sound 
absorber takes out most of easy-to-remove 
high frequency components & passes 
through most of hard-to-remove low fre- 
quency components. “Thus — successive 
lengths of sound absorber become less & 
less effective & a sound absorber having 
an attenuation of 20 to 30 db must have 
length greatly out of proportion to that 
of a 10 db absorber. Where extremely 
low room noise levels must be maintained 
additional expedients such as sound ab- 
sorbing plenums must be resorted to. 


NOISE REGENERATION 


Noise which is regenerated on room 
side of sound absorber by air motion 
thru ducts & grilles is usually of low 
enough intensity to be unimportant in 
relation to over-all noise due to ap- 
paratus. However, where room noise 
level requirement is extremely low or 
duct & grille velocities are high these 
regenerated sources of noise must be con- 
sidered & suitable velocities & types of 
grilles selected to meet job require- 
ments.4 A new type of system is be- 
coming popular in which a high duct 
velocity is used together with a high 
pressure drop across a damper behind 
each outlet. For such systems use of a 
sound absorber at each outlet is usually 
necessary. 


THE CROSS-TALK PROBLEM 


A special problem associated with 
central station air conditioning systems 
is due to “cross talk’? which may arise 
from connection of different rooms by 
means of same supply or return duct 
systems or use of return air grilles or 
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openings to corridor. It is not usually 
necessary to sound-treat ducts of a multi- 
room air conditioning system directly 
adjacent to rooms since duct sizes are 
usually small & noise transmitted from 
air conditioning system tends to mask 
speech noises. However, where room 
noise level is very low, or noise level re- 
quirement is extremely exacting, or 
where there are high intensity noises in 
adjacent spaces, local acoustical treat- 
ment may be required. ‘This is more 
apt to be true with respect to direct 
openings between an office & corridor. 


OTHER MEANS OF NOISE 
MISSION ; 


TRANS- 


In addition to noise which is trans- 
mitted thru duct system, noise may be 
transmitted thru building structure or 
thru pipes & ducts. Also, airborne noise 
originating in apparatus room may be 
transmitted through boundary walls to 
adjacent spaces. In order to prevent 
such transmission, it is customary to 
select dynamic elements of equipment 
such as motors, pumps, refrigerant com- 
pressors, etc. with due consideration of 
their noise-generating characteristics & 
to provide them with suitable isolation 
from building structure & from pipe & 
duct connections. In addition, apparatus 
room is usually acoustically treated to 
reduce noise level, particularly when 
adjacent to conditioned spaces. In spite 
of these precautions, noise transmitted 
from apparatus room may be a limiting 
factor in determining location of this 
room with respect to conditioned space. 
This presents a particular problem in 
multi-story buildings where it may be 
desirable to locate apparatus space on an 
intermediate floor & thus minimize length 
of run of ducts & piping. In some cases, 
it has been possible to accomplish this 
result by unusual care in design of 
apparatus room which may even necessi- 
tate a local modification of building 
structure. Fortunately, there are now 
available heat-operated & high speed 
mechanical types of refrigeration which 
present less difficulty in sound isolation 
than older slower speed refrigerating 
machines & which are particularly well 
suited to conditioning of large buildings. 


INDUCTION UNITS 


Air conditioning systems are available 
for multi-room installations in which 
conditioned air is supplied from a central 
source to local induction units which 
recirculate room air by ejector action 
over heating &/or cooling coils. In this 
class of equipment, room noise level due 
to air conditioning is dependent upon 
amount of regenerative noise in duct sys- 
tem & ejector nozzles. By suitable de- 
sign of these elements, it is possible to 
produce a room noise level which is ac- 
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ceptable for even sound-treated private 
offices as well as for apartments, hotels, 
hospitals & other multi-room applica- 
tions. 


FAN COIL UNITS 


A variety of air conditioning systems 
are available, particularly for multi- 
room installations, in which refrigeration 
equipment is located remotely & hot or 
cold water is pumped to a coil located 
in or adjacent to space together with a 
motor-driven fan for circulating air. 
This equipment has some of the problems 
which are intrinsic in self-contained & 
room air conditioning units in which fan 
noise is usually predominant. ‘Thus it 
is unreasonable to expect as low a noise 
level from such a system as can be 
achieved with a high-grade central sta- 
tion system or an induction unit system. 


SELF-CONTAINED EQUIPMENT 


Where entire air conditioning func- 
tion is carried on by apparatus located 
in conditioned space, as with room air 
conditioning units & larger self-contained 
units used for retail stores, restaurants, 
& the like, success of noise control de- 
pends upon quality of design & manu- 
facture of equipment & suitability for 
particular application. Where applica- 
tion has a relatively high background 
noise level as with a tavern or a drug 
store, problem of satisfactory noise de- 
sign of equipment is simple. ‘This 1s 
not always true for applications whose 
background noise level is low, such as 
the bedroom of a house located in the 
country or a high-grade dress shop. 
Problem of achieving a low room noise 
level with such equipment is greatly 
complicated by presence of all operating 
parts of system in conditioned space & 
by limitations of size & cost of equip- 
ment. Since noise level of air condition- 
ing equipment may be substantially above 
that of other background noise, need for 
a high quality of noise is paramount. In 
spite of progress, it is unreasonable to 
expect this type of equipment to meet 
most exacting noise requirements. 


ENGINEERING KNOWLEDGE 


Considerable research has been carried 
on in field of equipment noise generation 
& in noise level attenuation through duct 
systems.? ® ® 78 "There has been devel- 
oped a method of estimating room noise 
level due to air conditioning equipment 
which parallels method of estimating heat 
losses & heat gains to room & which per- 
mits air conditioning engineer to esti- 
mate room noise level in much the same 
way in which he estimates room cooling 
& heating load.®1° This “energy” 
method starts with noise energy emitted 
by equipment, traces its attenuation thru 
system, & determines room noise level 
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from noise energy entering room & sound 
absorptive capacity of room. 
tunately, adequate methods of relating 
equipment noise to resulting room level 
have not yet gained general acceptance 
nor is there acceptable standard means 
of predicting noise energy at apparatus. 
Thus, it can not be expected that two 
pieces of air conditioning equipment hav- 
ing same noise rating will necessarily 
give same noise level in a given room. 
Also, design of air conditioning systems 
with respect to noise must still be con- 
sidered as much of an art as a science 


& one that requires long experience & | 


a high order of ability. 
CONCLUSION 


Air conditioning can serve as an in- 
dispensable element in control of noise 
in buildings by making.it possible to close 
windows & doors & by masking noise of — 
poor quality with equipment noise of 
good quality. Air conditioning equip- 
ment can be designed to meet any noise 
level requirement but there is a wide. 
variation in types & individual systems — 
which are available commercially just. 
as there is a wide variation of noise level = 
between different uses of rooms & be-— 
tween individual rooms. Problem of- 
air conditioning engineer is to match de-_ 


- sign of air conditioning system to noise 
+ 


level needs of space. 


Unfor- « 


} 
| 


| 
| 
| 


ti 
| 
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Acoustical Design & Treatment of Work Spaces 
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Corporation. 


HE CLAssic formula for attacking 
a noise problem in any type of 
space has for years been, 
e reduce noise at source as far as 
possible 
e isolate source where possible 
e absorb as much as possible of 
maining sound 
This constitutes a common-sense rule dif- 
ficult to improve upon when objective 
is to reduce sound intensity of any given 
source. However, it concerns only re- 
duction of acoustic energy on assumption 
that decrease in “loudness” will also 
effect a corresponding measure of relief 
from personal annoyance. We know 
today that this is not necessarily so. 
While loudness is always a factor in 
Irritating & injurious noise, in the case 
of any single noise-maker as it affects 
personal comfort & acts as a distracting 
element in the work room, we have to 
know “Louder than what?” before it 
can be evaluated as a relative source of 
annoyance in over-all office or shop en- 
vironment. Of even greater importance 


in classifying auditory annoyances is, 


“What kind of noise?” Is it a low- 
pitched, big, round, friendly sort of a 
rumble that does little more than make 
its presence known, or perhaps whip the 
trouser legs about, or is it a screeching 


: whine that travels the full length of 


your backbone like a whirling strand 
of barbed-wire having terminal points 
in your fingernails? If it is latter type 
& sounding off simultaneously with 
aforementioned rumble, it can be 10 to 
20 decibels lower than the “big” noise & 
still cut through to your ears & nerves 
to spoil your days, & your wife’s eve- 
nings. 

It seems a bit obvious to say that the 


object of acoustical design & acoustical 


treatment of work spaces is to create a 
favorable acoustical environment. But 
until we think in terms of environment 
in fullest sense instead of seemingly 
more simple proposition of cutting down 
noise, we will continue to make dis- 
heartening (& expensive) mistakes in 
both building design & use of acoustical 
materials. Even more serious, we will 
continue to overlook or pass up available 
& practical means of providing workers 
with considerable degree of protection 
against unavoidable noise. Whether 
work space houses a beauty shop or a 
boiler factory, an accounting office or a 
zipper manufacturing plant, there is a 
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minimum noise level below which it is 
impossible to go. The environmental 
aspects of this noise can be weighed 
much more accurately in terms of human 
reaction than in physical sound energy. 
It was simple & satisfying to say, as we 
did a few years ago, that in the case of 
office noise, a 55 db level was quite com- 
fortable, but when it hit 76 db or so, 
give up & go to the ball game. “There 
are several reasons why this isn’t prac- 
tical, two of them being the boss & the 
stockholders, & it appears that for the 
next few years we'll have another, the 
Kremlin. We may not be able in every 
instance to take our noise levels & like 
them, but in many, many instances we 
can lower & change characteristics of 
those noise levels in such a manner that 
we are not disgruntled & irritated by 
our dislike for them. 

A definition of a favorable acoustical 
environment must take into account the 
full range of types of work spaces & 
objectives if that definition is to be a 
useful guide in original planning or later 
corrective measures. It is beyond the 
scope of this paper to discuss relative im- 
portance of psychological « physiological 
effects of noise, or relative merits of 
eliminating annoyance factors vs. direct 
moves to prevent occupational deafness. 
Currently, in the minds of management, 
importance of these two separate, but 
closely related, effects of noise on man 
seems to be whether the company is being 
sued for cash compensation because of 
hearing losses, or whether employees 
won’t work in the “joint” because noise 
“bothers them.” The balance sheet takes 
a jolt either way, but while dissatisfac- 
tion with working environment never 
shows up as a definite cost figure, it is 
hardly possible to conceal a cash settle- 
ment with a successful claimant. Ac- 
cording to the April issue of Factory 
Magazine, there have recently been 202 
of these claimants in New York State 
alone to whom a total of $272,000 was 
paid by former employers. Manage- 
ment that plans ahead to provide a 
favorable acoustical environment, usually 
does so with three major Bbjectives: 

e personal efficiency 

e personal comfort 

e prevention of occupational deafness. 
Irrespective of which one receives great- 
est emphasis, any means to curb noise 
that contributes positively to any one of 
above three objectives will usually make 
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some worth-while contribution to other 
two. 

Investigation has shown that average 
factory worker is little concerned about 
probable hearing losses as result of his 
job. In fact, he is usually unaware of 
it until it is too late or possibility has 
been called to his attention. However, 
he is very much aware of that noisy 
compressor way down at the end of the 
room that keeps cutting in & out all dav 
long, jarring his nerves & distracting his 
attention from his own job. The typist 
in a stenographic pool has, according to 
current beliefs, no worries about occu- 
pational deafness, but if she has to work 
in a noisy, roaring room, she knows that 
continuous clatter leaves her on edge at 
end of day. If the truth were known, 
occupational headaches induced by noise 
have probably wrecked many romances 
& changed courses of untold lives. 

So whether we approach the problem 
from viewpoint of management or 
worker, it appears that we may define a 
good acoustical design & treatment objec- 
tive as, “An acoustical environment that 
protects room occupants from annoyance 
to greatest extent possible in presence 
of necessary or unpreyentable noise.’ 
Presupposing as it does that necessary 
noise has been reduced as far as possible, 
this definition, or working guide, brings 
us to the building & its work spaces & 
how they handle noises generated within 
them, & what can be done to assure an 
optimum condition. 

At risk of being accused of over- 
simplification, as the writer sees it, there 
are but three things the building or 
space designer can assume as a direct re- 
sponsibility in creating a favorable acous- 
tical environment. He may advise & 
consult with management or owners on 
all factors from original decision to 
build or remodel to spotting of last 
shrub beside front sidewalk, but he 
usually dictates on his own responsibility 
the structural specifications. “That be- 
ing the case, he, & he alone, can provide: 

© construction that satisfactorily re- 

sists passage of sound 

e non-reverberant rooms that dissipate 

sound energy rapidly 

e facilities for operation of building 

itself that are inherently quiet with 
all extensions laid out to prevent 
passage & spread of noise. 
These provisions may be augmented by 
judicious location of various work spaces 
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in relation to each other, noise-wise, 
separating noisy & less-noisy operations as 
far as possible. However, the only 
permanent characteristics, sound-wise, 
that can be built-in as integral parts of 
structure are walls, floors & ceilings that 
furnish adequate resistance to sound 
passage, & sufficient sound absorption to 
suppress as far as possible ambient noise 
level & to prevent unlimited spread of 
sound in free space. 

Question of how good by way of 
‘sound-proofness”’ does a wall or partition 
have to be can be disposed of quickly 
with another question, ‘“What’s on each 
side of it?” A battery of looms on one 
side & general office on the other makes 
a very nasty combination, as we have 
found in several instances. Likewise a 
thin, light partition between a doctor’s 
consulting room & his reception room 
can provide some interesting situations. 
Like Gilbert & Sullivan’s “Let the pun- 
ishment fit the crime,” when crime is 
omission of adequate sound resistance in 
wall construction, pocketbook takes a 
lot of punishment when remedial meas- 
ures are applied. There is no cheap 
method of repairing decibel leaks in a 
wall. Data & specifications on tested 
wall « floor construction methods that 
will fulfill needs in a large majority of 
buildings are available thru any qualified 
acoustical contractor or consultant. 


‘ 


Duct-work of various kinds is a prime 
offender in funneling noise from one 
space into another, as well as an efficient 
means of bringing in fan & compressor 
noise. Adequate runs between grille 
openings & outlets with sufficient amount 
of sound absorbing duct-lining through- 
out system will keep a duct functioning 
as a duct, & not as a speaking tube. 


Despite fact that use of standard 
acoustical materials has grown from 
3-million feet/year 20 years ago to 150- 
million feet last year, there is still much 
misunderstanding in engineering & struc- 
tural circles as well as among layman 
buyers as to its function in a room, what 
can be expected of it, & what happens 
when a room is “‘sound-proofed”’ with an 
acoustical ceiling or walls. First of all, 
let’s point out again that as sound- 
proofing, acoustical materials, per se, are 
about as useful as your grandmother’s 
nightie. “To be efficient as a sound ab- 
sorber for general use, a material must 


be porus. Sound goes through it like 
a sieve. The only essential difference is 
that in acoustical materials acoustic 


energy of a sound wave is drawn off by 
friction from oscillating molecules of 
air as they fight thru the many times 
smaller “holes” in this material than in 
the sieve. Size of these holes must be 
just right to let air particles enter & 
pass through, but not too easily. During 
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the process, some of orderly motion of 
air molecules is changed to random 
motion of heat & the sound wave as such 
is weakened or entirely dispersed. 


These materials placed on surfaces of 
a room do just one thing; they exhaust 
greater portion of energy in every sound 
wave that strikes them, reducing those 
waves quickly to inaudibility. By so 
doing, they virtually drain sound out of 
a room within limits of their capacity. 
By way of comparison, dense, smooth 
room surfaces bounce practically all of 
energy back into room as though sound 
wave were a light beam & room surfaces 
were mirrors. Making a sound in such 
a room is akin to turning on a light in 
a room with surfaces of polished chrome ; 
there’s light all over the place, coming 
from all directions, as a result of many 
reflections from one small single source. 
There is one great difference, however, 
when power is turned off light & re- 
flections disappear seemingly instantly. 
Sound travels much more slowly than 
light, so a sound wave in this same 
room would be audible thru reflections 
for many seconds after energy was cut 
off at source. From this, it is readily 
seen why rapid taps of a typewriter in 
a highly reverberant office, or a series 
of hammer blows in a reverberant shop 


are built up by room reflections into . 


one sustained, rolling volume of noise. 


In a room with adequate sound ab- 
sorption on its surfaces, a single sound 
behaves like a light in a room with 
lamp-black surfaces; waves are absorbed 
at boundaries. 


From this, it is readily seen why a 
reverberant work room is always noisy. 
Every sound is heard many times. Over- 
all noise level is the sum of direct & 
reflected sounds. In a highly absorptive 
room, for most part, each sound is 
heard but once as direct wave passes 
ear. Every reverberant room has a 
characteristic ring or roar. In such a 
room sounds from distant sources seem 
almost as loud as those close by. Con- 
versation is difficult even in presence of 
fairly low noise levels. 

Annoying effects directly attributable 
to reverberation stem largely from two 
facts that conversation is difficult, « no 
one is comfortable if speech is hard work, 
or totally impossible; & that no one par- 
ticularly minds his own noise, it’s racket 
made by other guy, or his machine, that 
gives us heebie-jeebies. Secondary re- 
actions are that there is no place in a 
reverberant room where one can find a 
moment’s relief, sound level is always 
about same in all parts of room, « that 
noise comes from all directions at once 
with equal loudness which makes the 
room ring & roar. 


Dr. Paul E. Sabine* describes dif- 


ference between a_reverberant workg 
space & one that is adequately sound con- | 
ditioned as follows: a 

“Analysis of comments of workers in 
plants that had been acoustically treate 
disclosed that two elements, partl 
psychological & partly objective, con- 
tribute to noisiness of a worker’s en- 
vironment. 

“First is reverberation, that is pro- 
longation of sound by repeated reflection 
from highly reflecting wall « ceiling sur- 
faces. In a reverberant space, worker 
has sensation of working at a noisy 
machine in a noisy environment. Re- 
placing reflecting surfaces with absorb- 
ing surfaces reduces environmental fac- 
tor, thus markedly reducing annoyance, 
even though measured noise level is not 
greatly decreased. Second element ts_ 
so-called ‘spreading effect’ of sound. In 
an open space intensity of sound from 
a given source falls off rapidly as dis- 
tance increases. In reverberant rooms 
sound intensity from a single source is 
almost independent of distance from 
source—sound spreads with little diminu- 
tion with distance. As absorbent treat- | 
ment greatly reduces this spreading ef-_ 


fect, a man working at a noisy machine | 


has feeling of a relatively quiet surround- 
ing. Workers recognize this effect, 
saying, “The noise of that machine 
over there stays where it belongs,’ or — 
‘Before it seemed like every machine in 
the plant was making noise. Now I 
hear only the ones right around me.” 

The above explains why no amount 
of planning as to work space lay-out in 
regard to machine or worker grouping 
can bring about any appreciable benefits 
in a reverberant work room. Likewise, 
it is readily seen that in a non-reverber- 
ant room where sounds die out quickly 
& are limited as to spread, a great deal 
can be achieved by way of “isolation” in 
tree space simply by placing workers & 
equipment, according to groups or jobs, 
with a reasonable distance between indi- 
viduals or groups. 

When the building designer~ turns 
over to operating management a struc- 
ture wherein 


e reasonable care has been exercised 
in location of various work spaces 


with respect to relative disturbance 
potential of each 


e structural barriers have adequate 
resistance to sound transmission 
¢ work spaces are free from noisy 
characteristics caused by excessive 
reverberation 
he has done all that can be rightfully 
expected of him by way of establishing 
within those work spaces favorable 
acoustical environments. 


= Paul E. Sabine. The Problem of Indus- 
trial Noise. American Journal of Public 
Health, March 1944, 


° BULLETIN OF THE AMERICAN INSTITUTE OF ARCHITECTS 


ih 


= 


Reem - a 


Technical News 


A Proposed Card File or Loose-Leaf 
Specification Service 


HE INSTITUTE’S Committee on Ex- 
Ble rcon of Research Facilities 
recommended to The Board of Direc- 
tors, as a project which might be under- 
taken by The Institute with the support 
of the producing industry, the initiating 
of a card file or loose-leaf specification 
service. 

The Board referred the recommenda- 
tion to the Joint Committee of The In- 
stitute and The Producers’ Council, 
which was of the opinion it would be 
desirable to determine, by means of a 


questionnaire survey, the degree of in- 
terest in such a service on the part of 
the membership of The Institute. 
With the cooperation of the Commit- 
tee on Expansion of Research Facilities, 
and the Joint Committee of The Insti- 
tute and The Producers’ Council, a 


questionnaire was prepared and _ dis- 
tributed to the membership. 
Fourteen hundred questionnaires, 


representing 16% of the membership, 
were returned, replying to the questions 
listed as follows: 


1. Have you ever used a loose-leaf or card file type of 


specification ? 
Do you now use such a system? 


Do you feel that a continuously maintained specification 


service would be of use? .............-...-- 


2 
3 
4. Have you used the “Specification Work Sheets” dis- 
5 
6 


tributed by The Institute? 


. If so will you continue to use the same? 


Would you use a flexible, card, or loose-leaf type of 
specification service if initiated by The J.A.I. and kept 


up to date with acceptable practices? 


ment to purchase) 


“I 


If such a system is initiated would you favor permitting 


individual manufacturers and trade associations to pro- 
vide separate cards (of contrasting color) if edited by 


The A.I.A. staff? 


‘8. Would you prefer such a flexible, card, or loose-leaf 
type of specification service to the “Specification Work 


Sheets” type? 


9. Do you feel it would be of advantage to have both types 


available, for different types of projects? 


YES NO 
NT UNS ee Et 470 896 
BAR See Sie ae ae 248 1181 
etek Rigi yao 1222 60 
Pande: hte Ble 343 736 
ot BOE aes, eee 379 DAT 
(Not a commit- 
pibip eaten Pitts Pres 1178 74 
eet te oe Se bea 94 
Ore cf Rete tai? © 976 85 
Bae tire tates 576 499 


10. What charge do you feel should be made for the initial 
set of approximately 200 cards covering general, not 
mechanical, specifications contemplated under Item 6?... Replies ranged from 


The summary on page 22 shows the 
break-down, by Regional Districts of 
The Institute, of the questionnaires re- 
turned, with the percentage of ques- 
tionnaires returned as related to the total 
membership in each Regional District. 

Study is proceeding as to the type and 
the means of developing such a service, 
and as a further step in the consideration 
which the project will call for The 
Producers’ Council will conduct a sur- 
vey to determine the interest of the pro- 
ducing industry in cooperating with and 
assisting in its support. 

It is believed that the development of 
specification data will give the member- 
ship of The Institute the opportunity 


“nothing” to “cost” 
and $62. Many indi- 


cated “‘no opinion.” 


of indicating the need for further re- 
search with respect to the use of certain 
products and techniques of construction. 

Recommendations in this connection 
will be welcomed by the Department of 
Education and Research. 


Painting and Decorating 


Specifications for painting and deco- 
rating usually provide for definite quali- 
ties of materials and the number of 
coats to be applied, the question of colors 
being specified as “subject to selection 
by the architect.” 

As the application of more than a 
single color in a particular room or 
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space calls for added time in application, 
to avoid overlapping, the contractor may 
be led to add an allowance for possible 
contingencies, which may not arise. 

‘The Portland, Oregon, Chapter of the 
Painting and Decorating Contractors of 
America has sought to clarify this 
situation, and thus eliminate unnecessary 
allowances for possible contingencies, in 
the following recently adopted resolu- 
tion which has been called to the atten- 
tion of The Institute: 

Whereas the recent trend in paint- 
ing and decorating in private and pub- 
lic construction is to use many and 
various colors and hues on walls, ceil- 
ings and trim, and 

Whereas it has been common prac- 
tice among architects to designate in 
specifications and on blueprints of new 
structures “colors as directed by archi- 
tect,” and 

W hereas the use of many colors sub- 
stantially affects the production cost 
for painting contractors, and 

Whereas this practice has led to 
many painting contractors being forced 
to add an additional amount on their 
bid to take care of any such unforeseen 
contingency, and such costs might be 
saved to the owner had the specifica- 
tions and blueprints been more spe- 
cific, 

Now, therefore, be it RESOLVED, 
that the Portland Chapter, Paint- 
ing and Decorating Contractors — 
of America, earnestly request consid- 
eration by he American Institute of 
Architects that it be recommended to 
its members that on all blueprints 
the number of colors per room be 
shown and that a finished room sched- 
ule be shown in the blueprints desig- 
nating the colors and the areas on 
which the same are to be applied, and 
thus assist the painting contractors 
bidding the job and save additional 
expense to the owner. 


The Concrete Industry Board 


The announcement is made of the re- 
cent formation in New York City of 
the Concrete Industry Board the pur- 
pose of which is to improve the quality 
of all types of concrete construction 
through education and the “pressure of 
industry opinion.” 

The following groups are affliated 
with the new organization: 

American Concrete Institute, New 
York Chapter of The American Insti- 
tute of Architects, Metropolitan Section 


1951 PAGE 21 


of the American Society of Civil Engi- 
neers, Concrete Reinforcing Steel Insti- 
tute, Structural Engineering Society, 
Portland Cement Manufacturers, Test- 
ing Laboratories, and Ready-Mix Con- 
crete Producers. 

The following officers 
elected: 


have been 


Roger H. Corbetta, Chairman of The 


Board; John F. Hall, Secretary ; Dugold 
J. Cameron, Treasurer, together with 
a board of eight directors. 

The stated objectives of The Con- 
crete Industry Board are the following: 

1. To improve the quality of rein- 
forced concrete construction in the City 
of New York; 

2. To recommend design and con- 
struction practices which will assure re- 
inforced concrete of the highest quality ; 

3. To recommend suitable building 
regulations governing the design and 
construction of reinforced. concrete 
structures, the materials used therein and 
testing procedures ; 

4. To do all the things incidental or 
conducive to attainment of the above ob- 
jectives. 


Safety In Construction 
The ‘Manual of Accident Preven- 


tion In Construction,” first issued in 
1927 by the Associated General Con- 
tractors of America, has played an im- 
portant part in directing attention to 
the importance of safety in construction 
and in the recommended ways and 
means by which such safety may be as- 
sured. The Manual is recognized as an 
authoritative ““American Standard” by 
the American Standards Association and 
has undergone frequent revisions to keep 
it in harmony with current develop- 
ments in the field of construction. 

Article 12 of The Institute’s General 
Conditions of the Contract calls upon 
the Contractor to take all necessary pre- 
cautions for the safety of employees on 
the work, for the protection of the 
public, and for the designation of a re- 
sponsible member of his organization on 
the work whose duty shall be the pre- 
vention of accidents. “The architect can 
contribute to safety in construction by 
including The Institute’s General Con- 
ditions of the Contract in all contracts 
for construction, and particularly in 
cases where all contracts for the work 
are not included under a single general 
contract. 
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Number of Mem- Percentage 


District Replies 
Received bers in District of Replies 

New ENGLAND: 

(Maine, New Hampshire, Ver- 

mont, Massachusetts, Connecticut, ; 

Rhode Island) 82 535 15% 
New York: 160 1313 12% 
Mippie ATLANTIC: 

(Pennsylvania, West Virginia, Vir- 

ginia, Maryland, Delaware, New 

Jersey, District of Columbia) 207 1884 11% 
SoutH ATLANTIC: 

(Florida, South Carolina, North 

Carolina, Georgia) 95 565 17% 
GuLF STATES: 

(Arkansas, Tennessee, Alabama, 

Louisiana, Mississippi) 19 354 22% 
GreAT LAKES: 

(Michigan, Indiana, Ohio, 

Kentucky ) 152 1139 13% 
NortH CENTRAL STATES: 

(North Dakota, South Dakota, 

Wisconsin, Minnesota, Illinois) 136 768 19% 
CENTRAL STATES: 

(Nebraska, Iowa, Kansas, Okla- 

homa, Missouri) 108 508 21% 
TExas: 96 405 23% 
WESTERN MOUNTAIN: 

(Wyoming, Colorado, Utah, New 

Mexico, Arizona) ZT 207 13% 
SIERRA-NEVADA: 

(California, Nevada, Hawai.) £33 894 12% 
NorTHWEST: : 

(Washington, Oregon, Idaho, 

Montana) 59 391 15% 


Standardized Terminology for 
Plumbing Supply Fittings 

The following terminology for sup- 
ply fittings for plumbing fixtures is pro- 
posed by the Enameled Cast Iron Plumb- 
ing Fixtures Association and the Vitre- 
ous China Plumbing Fixtures Associa- 
tion: 

It is proposed that if and when these 
words are used for the indicated pur- 
poses, they should convey the following 
meanings: 

1. Center-set means an exposed com- 
bination supply fitting with inlet shanks 
4” center-to-center for assembly through 
the top or deck of a fixture. 

2. Integral means a part cast in- 
tegrally with the fixture, such as a spout, 
bubbler, trap, seat or tank. 

3. Separate should be made a part of 
names for supply fittings used in all 
types of fixtures to supply hot or cold 
water separately. 


—<—$—$ 


4. Combination should be used in 
preference to other adjectives to de- 
scribe supply fittings with two control 
handles where hot, cold and tempered 
water are delivered through a single 
spout. 

5. Mixing should be used in pref- 
erence to other adjectives to describe 
supply fittings for the delivery of hot, 
cold and tempered water controlled by 
a single handle. 

6. Exposed means that the body of a 
supply fitting is visible after installa- 
tion. 

7. Concealed means the body of a 
supply fitting is hidden after installation. 

8. Built-in means that the body of a 
supply fitting is installed in the wall | 
of a building. 

9. Through-the-back or Thru-back 
means a fitting whose supplies come 
through the back of the fixture. 

10. Mounted means a fitting as- 
sembled to the fixture at the factory. 
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Technical Bibliography 


Standards and Publications available 
from the Superintendent of Documents, 
Washington 25, D. C. (Stamps not ac- 
cepted. ) 


BMS Report 123. Fire Tests of Wood- 
Framed Walls and Partitions with As- 
bestos-Cement Facings. 15¢. 

A report of the results of fire tests 
at the National Bureau of Standards to 
secure data on both interior and exterior 
constructions using asbestos-cement fac- 
ings on wood frames. Interior facings 
were of asbestos-cement sheets; exterior 
- facings were of asbestos-cement singles 
over wood sheathing. Dry-wall con- 
struction of 3/16” asbestos-cement sheets 
over 4” gypsum board may be added 
to existing wood-supported walls, as in 
schools, to provide satisfactory fire re- 
sistance, without the inconveniences at- 
tending the use of plaster. 


BMS Report 124. Fire Tests of Steel 
Columns Protected with Siliceous Ag- 
gregate Concrete. 15¢. 

This report describes and _ illustrates 
the results of fire tests at the Bureau of 
Standards on four 6-inch 20-lb. H 
columns having protective coverings of 
siliceous aggregate concrete. “The re- 
sults of the tests indicate that concrete 
made with siliceous aggregates, of the 
characteristics tested, provides an ac- 
ceptable material for the protection of 
structural steel against fire. 


Commercial Standard 113-51—Oil-Burning 
Floor Furnaces Equipped with Vaporiz- 
ing Pot-Type Burners. 10¢. (Super- 
cedes CS 113-44). 

The purpose of this Standard is to 
provide a uniform method for determin- 
ing, designating, and guaranteeing 
ratings of oil-burning floor furnaces. It 
applies to oil-fired, flue-connected floor 
furnaces equipped with vaporizing pot- 
type burners with or without mechanical 
draft or forced circulation, either manu- 
ally or automatically controlled. 


Commercial Standard 176-51—Prefinished 

Wall Panels. 5¢. 

‘This Standard provides minimum spec- 
ifications for one grade of prefinished 
wall panel. It covers physical require- 
ments and tests for strength, water ab- 
sorption, linear expansion, hardness, and 
resistance to light, heat, humidity, acid, 
alkali and staining. 


Simplified Practice Recommended R243-51. 
—Unorificed Radiator Supply Valves. 5¢. 
Lists the sizes, patterns, and capacities 

of unorificed radiator supply valves for 


use on two-pipe, low-pressure steam heat- 
ing systems. 


Simplified Practice Recommendation R244- 
51—Low Pressure Thermostatic Radia- 
tor Traps and Float-and-Thermostatic 
Lrapswnoe 
Directs attention to the sizes, patterns, 

and capacities of these traps that cur- 

rently are in general use, and that are 
regarded as affording an adequate selec- 
tion for ordinary use and for stock. 


Simplified Practice Recommendation 29-51 
(Supercedes R29-49.)—Eaves Trough, 
Conductor Pipe, and Fittings. 5¢. 

The current revision of this recom- 
mendation provides that all galvanized 
eaves, trough, gutter, and conductor pipe 
shall be embossed (not stenciled) with 
the gage number of the galvanized sheet 
from which these items are made; and 
that items made from copper shall be 
embossed (not stenciled) with the weight 
in ounces per square foot of the mate- 
rial from which they are made. 


Fixture Unit Ratings As Used In Plumbing 

System Design. 

Herbert N. Eaton and John L. 

French. Housing Research Paper 15. 

Housing and Home Finance Agency. 

15¢. 

A detailed description of the applica- 
tion of the theory of probability to the 
determination of the probable loads im- 
posed on building plumbing systems. 
The first in a new series entitled “Hous- 
ing Research Papers,’ which will re- 
place the Technical Papers published by 
H&HFA. 


OTHER PUBLICATIONS 
Brick and Tile Engineering—Handbook of 

Design 

Harry, > C. Plummer, ~ A.S.C-E%: 

F.A.C.S. Structural Clay Products 

Institute, 1520 18th Street, N. W., 

Washington 6, D. C. $5. 

An authoritative and _ informative 
illustrated handbook on brick and tile 
construction, including a chapter on the 
application of the principles of Modular 
Coordination. 


Lead in Modern Plumbing 

Lead Industries Association, 420 

Lexington Avenue, New York 17, 

N. Y. 20 pp. 8% x 11”. illus. 

A booklet illustrating and describing 
the use of lead in modern plumbing in- 
stallations. 

Includes standard specifications for 
lead plumbing products, drawings of 
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typical plumbing installations showing 
how and where lead may be used, with 
helpful points to watch in installation to 
insure maximum performance. 


Snow Melting Systems 

Byers Wrought Iron for Snow Melt- 

ing Systems. 38 pp. 8% x 11”. illus. 

A. M. Byers Co., 1501 Clark Build-— 

ing, Pittsburgh, Pa. 

A booklet illustrating and describing 
in detail the design and installation of 
snow melting systems for sidewalks, 
driveways, highways, ramps and loading 
areas. Includes information concerning 
piping properties, use of anti-freeze, pav- 
ing design and fill, installing and operat- 
ing costs, operating practices, controls, 
and auxiliary units. 

Copies available upon request to Engi- 
neering Service Department, A. M. 


Byers Co. 


The Feasibility of Using Models for Pre- 
determining Natural Lighting 

In Research Report No. 21 of the 
‘Texas Engineering Station, of the Texas 
A. & M. College System, College Sta- 
tion, Texas, E. E. Vezey, Research 
Physicist, describes and illustrates the re- 
sults of a new method for the use of 
models of school buildings, in conjunc- 
tion with an “artificial sky,’ to de- 
termine the daylight distribution and in- 
tensity for several different situations 
where no direct sunlight enters the 
windows. 

Preventing Corrosion With Protective 

Paint Coatings. 

G. Diehlman and E. L. Beenfeldt. 5 

pp. 8% x 11”. illus. National Lead 

Co. Protective Coating Paints Depart- 

ment, Research Laboratories, 105 

York St. Brooklyn, N. Y. 

Presents the problem of metallic cor- 
rosion and its control. Includes a tabular 
guide to the selection and use of red-lead- 
base paints giving types of pigmentation 
for use as required by various types of 
exposure, with list of reference specifica- 


tions for procuring required red-lead 

paints. 

Heating, Ventilating, Air Conditioning 
Guide 


1456 pp. 6 x 9”. New York, N. Y. 
1951. American Society of Heating 
and Ventilating Engineers, 51 Madison 
Avenue, New York 10, N. Y. $7.50. 
The 29th Edition of this authoritative 
reference handbook contains the largest 


Technical Data Section to date. Its 
fifty Chapters have been carefully 
revised to reflect the results of the 
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latest research and experience in the engi- 
neering field. Many new subjects, 
charts, and tables have been added, to- 
gether with new examples to illustrate 
the solution of various heating problems. 
Modern Air Heating and 
Ventilating 


Conditioning, 


Pitman Publishing Corp., 2 West 

45th Street, New York 18, N. Y. $10. 

A revised and even more comprehen- 
sive edition of the Carrier, Cherne and 
Grant engineering text. Authored in 
part by the late Dr. Willis H. Carrier, 
the father of modern air conditioning, 
the publication followed his death by 
only a few weeks. Dr. Carrier’s newest 
psychrometric chart, based on enthalpy, 
which has been accepted as the standard 
Society chart by the American Society 
of Refrigerating Engineers, is included. 
Dr. Carrier’s original Rational Psychro- 
metric Formulae, presented in 1911, be- 
came the authoritative basis for all 
fundamental calculations in the air con- 
ditioning industry. 

The book covers the broad and over- 
lapping fields of heating and ventilating, 
air conditioning, and related refrigera- 
tion engineering. Its subjects are con- 
sidered on both a theoretical level as well 
as on the practical one of design, applica- 
tion, and use of systems and equipment. 
Attention is given to estimating costs 
to determine the most economical in- 
vestment. 


Therm-O-Tile Underground Pipe Conduit 


8 pp. 8% x 11”. H. W. Porter & Co., 

Inc. Reid Hayden, Inc., 825 Freling- 

huysen Ave., Newark 5, N. J. 

A pamphlet illustrating and describ- 
ing the support, insulation and _ protec- 
tion of underground steam conduit sys- 
tems. 


Dictionary of Science & Technology in 
English-French-German-Spanish 


By Maxim Newmark. Philosophical 


Library, N, Y., 1943. 386 p.. 614” 
x OK. 56. 
Contains 10,000 current English 


terms most frequently used in physical 
sciences & applied fields, with separate 
indices in French, German & Spanish, 
conversion tables & abbreviations. This 
is a useful four-language technical vocab- 
ulary rather than a defining dictionary. 


Concise Encyclopedia of World Timbers 


By F. H. Titmuss. Philosophical Li- 
brary, N. Y., 1949. 156 p., Bibliog- 
taphy; 534” x 834”. $4.75. 
Following a brief introduction on 
wood structure this small handbook 
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gives detailed descriptions of nearly 200 
timbers, from Acacia to Zebrawood, with 
habitats, uses, weights, alternative 
names & sufficient technical characteris- 
tics to identify each. No stress values 
given. 


Pocket Encyclopedia of Atomic Energy 


By Frank Gaynor. Philosophical Li- 

brary, N. Y., 1950. 204 p., Charts, 

diagrams, tables; 6” x 834”. $7.50. 

Brief explanations of nuclear physics 
including data on the elements, isotopes, 
scientific units & nomenclature, biog- 
raphies of scientists, German equivalents 
of many terms. 


Sourcebook on Atomic Energy 


By Samuel Glasstone. D. Van 
Nostrand Company, Inc., N. Y., 1950. 
546 p., Charts, diagrams, tables, 


photos; 614” x 9%4”. $2.90. 

Comprehensive review of basic non- 
classified information prepared under 
direction of AEC by executive editor of 
“Effects of Atomic Weapons.’ Chapters 
on utilization of nuclear energy & of 
isotopes & on radiation protection & 
health physics will assist architects plan- 
ning radio-chemical installations. Sepa- 
rate indices of names & subjects. 


The Elements of Lettering 


By John Howard Benson x Arthur 

Graham Carey. McGraw-Hill Book 

Publishing Company, Inc., N. Y.; 

2nd ey., 1950. 135 p., fully illus- 

trated, bibligraphy; 734” x 10%”. 

SSD: 

Fundamental theory, lettering tools, 
materials, techniques & samples of alpha- 
bets & lettering from ancient, medieval 
& modern times. A well-produced re- 
production of the 1940 limited edition, 
with a number of the alphabet plates re- 
drawn, supplemented, marginal sketches 
improved & an index added. 


The Organization of Industrial Scientific 
Research 


By C. E. Kenneth Mees « John A. 

Leermakers. © McGraw-Hill Book 

Company, N. Y.; 2nd ed., 1950. 383 

p., Diagrams, tables, plans; 614” x 

QU 255: 

This book by Eastman Kodak research 
executives, while primarily concerned 
with organizational & operational prob- 
lems of research departments, gives basic 
& comparative information of value to 
laboratory architects. Brief history of 
scientific industrial research & locations, 
basic interests & facilities of more im- 
portant government, institutional « 
private laboratories. Chapters on labo- 
ratory planning tabulate area require- 
ments & indicate value of flexibility, 
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Fletcher Granite (January, 1951) 


16 pp. 8% x 11”. illus. H. E. Fletcher 


Co., Inc. 104 East 40th St., New 

York wWibsNay. 

A booklet describing the characteris- 
tics of and illustrating in color various 
available domestic and foreign granites. 


Lighting Guide to Better Drafting 
LS-137. 8 pp. 8% x 114% Generat 
Electric Engineering Division, Lamp 
Department, Cleveland 12, Ohio. 

A pamphlet illustrating and describ- 
ing modern methods of providing proper 
lighting for straight-edges and_ shiny 
surfaces, proper positioning of drafting- 
boards, and recommended types of light- 
ing systems for better drafting. 


The Story of Perimeter Insulation for 
Standard Heating Systems 
20 pp. 5% x 8%”. Owens-Corning 
Fiberglas Corporation, ‘Toledo 1, 
Ohio. 


A booklet illustrating and describing i 


the need for, and methods of installing, 
perimeter insulation for 
houses having concrete slab floors on 
grade. 


Plant Layout, Planning and Practice 


By Randolph W. Mallick & Armand 


T. Gaudreau. 391 pp. illus., charts 5 


614” x 944”. New York: 1951: John 

Wiley & Sons. $7.50. 

A comprehensive study of the prin- 
ciples of plant layout. The four major 
divisions consider the fundamental ap- 
proach to plant layout, planning the 
processing departments, designing plant 
service facilities, and justifying the lay- 
out project. The authors do not treat 
plant location, building architecture and 
construction engineering. 


Plastic Surfaced Plywood 

Douglas Fir Plywood Association, 

Tacoma Building, Tacoma 2, Wash. 

A reference manual describing the 
types of plastic surfaced Douglas Fir 
plywood, properties of the overlay panels, 
and some of the many applications in 
building and industry. 

Also includes recommendations for use 
of the new premium-surface panel ma- 
terial which combines the desirable prop- 
erties of fir plywood and plastic. Avail- 
able upon request to the DFPA. 


modular coordination & accessible serv- 
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Comparative Yearly Costs of Heating a 


Building with Various Fuels 

The Anthracite Institute, Wilkes- 
Barre, Pa., has issued a pocket folder, 
based on the Small Homes Council’s 
Bulletin G-3.5, charting the compara- 
tive yearly costs of heating a building 
with various fuels. 
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Architects’ Guide to the Modular Method 


RCHITECTS AND ENGINEERS last 
month hailed the appearance of a 
practical manual on Modular drafting 
practice. Over a year in preparation, a 
fifty-four-page booklet entitled ‘The 
Modular Method in Dwelling Design’ 


has been published by the Housing « 
Home Finance Agency “‘in the interest of 
lower-cost housing, to aid in applying 
the principles of Modular Coordination 
to building plans and details.” With the 
help of fifty-eight illustrations of Modu- 
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lar working-drawings and details (some 
of which are reproduced on this and the 
following page), the manual explains 
Modular drafting practice by following 
through the necessary steps in the prep- 
aration of drawings for two representa- 
tive buildings, one wood-frame, the other 
load-bearing masonry. ‘““The Modular 
Method . . .”’ was prepared with the 
cooperation of members of American 
Standards Association Project A62, who 
studied out and set up the A.S.A.-ap- 
proved dimensional standards for co- 
ordination based upon the 4-inch cubical 
module. “Thus this concise manual quali- 
fies to supplant the authoritative but 
cumbersome “A62 Guide,” now out of 
print, as a working reference for those 
offices making use of Modular Coordina- 
tion. “The Modular Method in Dwell- 
ing Design” can be ordered from the 
Superintendent of Documents, U. S. 
Government Printing Office, Washing- 
ton 25, D. Ci at 30¢*per copys 
operating with the A.I.A. Secretary for 
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Modular Coordination, the H. & H.F.A. 
has sent one copy to each member of The 
Institute at no charge. 

“A basic function of the architect in 
the building industry is that of coordi- 
nator,’’states The Modular Method” in 
explaining the purpose of this work. “A 
building structure is more than an archi- 
tectural design; it is the product of de- 
sign and coordination of many different 
technicians, craftsmen, materials, and 
mechanical and other equipment... The 
introduction of mass production to the 
materials of building construction has 
presented a new challenge to the archi- 
tect for the development of design and 
construction techniques efficiently utiliz- 
ing mass-produced materials. It has be- 
come obvious that distinguished modern 
buildings can only be achieved by a proper 
integration of hundreds of items of ma- 
terial and equipment. In the space of 
a relatively few years, Modular Co- 
ordination has advanced to a spearhead 
position as a method of achieving this 
integration Coordination in any 
building construction begins with the 
architect’s drawings. Modular Coordi- 
nation goes back one step further to the 
sizing of different building products upon 
a common basis so they can be readily 
fitted together when assembled to form 
a complete structure .. . As coordinators 
of building operations, architects utilize 
all feasible methods to produce well- 
built, well-planned structures at least 
cost. Construction efficiencies attained 
through the use of Modular Coordina- 
tion are dependent upon an understand- 


3 courses=8" 


or 6 courses=16" 


PAGE 26 JULY 9 ot 


yt L L Lf) 
eZ 
ar Top of ~ 
y sub floor— 
G7 2 i Aa als 
GE; a Paes 
FL, RN es eerie 
GE | Sie 
BE r ea es ce R 
mW t De te 
y > | —— Sa ee 
b=ZSemmc 
= eee ee 
N} i a 
i : 
a ; od) 
ae 
lies ree 
] | 4 
Aes Bee 
© WN 8 e 
cee | es ee 
AN 3 rf) 
aK} Ss te) 
Nyt 
—— 2 
ee Tt - 
(i aes See 
SSS 


Ss =| 


ing by architects of the technique of ap- 
plying a few simple principles to build- 
ing design that coordinate building prod- 
ucts with complete buildings through 
correctly prepared drawings.” 

The manual not only enumerates these 
“few simple principles” but also goes on 


. exemplify for the architect, drafts- 


man, and especially the detailer, just — 


exactly how the Modular Method is put 
to us in drafting practice. The pro- 
cedure followed consists of five essential 
steps: 1—preliminary drawings, 2—selec- 
tion of over-all dimensions, 3—identifica- 
tion of significant details, 4—,develop- 
ment of Modular details, and 5—correla- 
tion of details on working drawings. The 
drawings on the preceding page, taken 
from the manual, illustrate steps 3 and 
4. On the small-scale plan and eleva- 
tion of the house (which the designer 
happens to have laid out on a four-foot 
design module), the significant details 
have been circled and identified by a 
letter-and-number system. ‘The larger- 
scale drawing, since it shows the grid 
lines, is of course a Modular detail draw- 
ing, actually presenting three of the num- 
bered key details. It is to be remembered 
that, in spite of the striking “tidiness”’ 
of such details, they do not require con- 
struction to fussy tolerances any more 
than do non-Modular details. 

After completion of these important 
details, always referenced to grid lines, 
the small-scale working drawings are 
done, dimensioned in multiples of 4’” and 
with the grid not indicated (Step 5). 
Here, on the building lay-out, dimen- 
sions will be “nominal” dimensions. Since 
they are between parallel grid lines, they 
will be in multiples of 4 inches. There 
will be no fractions of inches on the 
plans, making them clearer, easier to 
dimension and to check. Arrows are 
used where dimensions coincide with 


The range in scale of units with which 
the architectural designer may work in using 
different sizes of Modular face brick is 
exemplified by a comparison of the appear- 
ance of Modular face brick presenting a 
nominal 4” x 12” face, sketched on the right, 
with that of another popular Modular size, 
shown on the left, which closely approxi- 
mates the traditional “Colonial” sizes, so as 
to lay up three courses in every 8”: every 
third horizontal mortar joint coinciding with 
every other horizontal grid line. The 
nominal 4” x 12” face brick, besides its bold 
scale and horizontal emphasis, offers econ- 
omies in construction. On the other hand, the 
2-2/3” x 8” units can be used adjacent to 
existing masonry of most old, non-Modular 
face bricks with confidence that any differ- 
ence in unit size will be indistinguishable. 


(Drawings: H. & H.F.A.) 


é BULLETIN OF THE AMERICAN INSTITUTE OF ARCHITECTS 


1 course=4" or 4 courses=16" 
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grid lines; where they do not, dots are 
used. ‘This convention can be noted on 
detail “W/3”, reproduced on_ page 
25, or on the wall section shown here on 
page 26. With the top surface of the 
attic subfloor placed on a gridline and 
using 2”” x 8” second-floor joists and 34’ 
plastered first-floor ceiling, the resultant 
ceiling height is 8’-2%4” above the 
finished first floor. (Study of this detail 
will show why this writer, for one, 
would order his pre-cut studs just 7’-11” 
in length. ) 


The manual similarly follows through 
the same steps in the development of 
working drawings and details for a 
sample load-bearing masonry building, 
with Modular details illustrated and ex- 
plained. In an appendix outlining the 
practical principles of the Modular 
Method, the manual emphasizes ‘““Com- 
plete 4-inch flexibility for the lay-out of 
a structure is a basic requirement. ‘This 
4-inch flexibility applies to wall lengths 
and heights, room sizes, and sizes and 
locations of openings. Consequently, any 
wall or partition material must be so 
sized that horizontal length and height 
dimensions may be in uniform increments 
of 4 inches. . . 4-inch flexibility is not 
a requirement for items fitted to the 
structure, . . sizes for (which may be) 
based upon increments that are multiples 
of 4 inches. . . The requirement of 4- 


inch flexibility does not apply to thick- 
ness of walls and floors.” 


Navy Espouses Modular 
Coordination 


“All personnel engaged in the 
design, planning, standardization, 
or procurement of materials for 
Navy construction are directed to 
cooperate to the fullest extent,” 
reads a recent Circular Letter of 
Rear Admiral J. F. Jelley’s Bu- 
reau of Yards & Docks on the sub- 
ject of the “Modular System of 
Building Materials and Construc- 
tion Design.” 

“The Bureau has always been 
interested in advances in architec- 
ture, in engineering and in the ma- 
terials used,” the directive states. 
“The standardization of dimensions 
and details has resulted in econ- 
omies in material, man power, 
money and time. ‘These are very 
important factors ordinarily, and 
even more so in times of emergency. 
The Bureau, therefore, heartily en- 
dorses the principle of Modular Co- 
ordination.” 


Pointers on Modular Detailing 


HOSE ARCHITECTS AND BUILDERS 

who have taken the time to acquaint 
themselves with and use Modular design 
and construction principles have found 
that it can simplify design and construc- 
tion and lower building costs,” reports 
SCPI’s April “Technical Notes” on brick 
and tile construction in an article offer- 
ing a number of suggestions on making 
use of Modular Coordination in detail- 
ing, from which we quote the following: 


“The fundamental basis for Modular 
design is Modular details. These details 
show the relation of the building parts 
to the 4-inch grid, and thus their relation 
to each other. This relationship is shown 
by reference dimensions to grid lines 
on the large-scale details . . . the selection 
of grid locations of critical parts of the 
structure, such as walls and floors, is one 
of the first steps to be taken in the de- 
velopment of (Modular working draw- 
ings and details). 

“A symmetrical position for walls has 
certain fundamental advantages . .. also 
simplifies quantity take-offs and the de- 
termination of actual dimensions when 
they are needed. It often reduces the 
variety of lengths for framing members 
and other parts. 

“It is recommended that the surface 
of finished floors bearing on masonry 
walls be placed 1%” below the grid line 
in order to maintain a constant relation 


alternate position. 


between the floor masonry openings for 
exterior doors. The referencing . of 
finished floors 1%” below the grid line 
follows the principle of avoiding tight 
oe detallsen 


Rule of Thumb, Using 3c-in-8” Brick 
To keep track of brick coursing when 


using the nominal—2-2/3”—high brick — 


which, unlike nominal—2” or 4’—high 
units, does not lay up so as to place a 
mortar joint at every horizontal grid 
line, ‘“Technical Notes” offers an easily 
remembered guide: 


“Tt is usually essential that the head 
of an opening coincide with a horizontal 
mortar joint. Since the location of 
opening heads with respect to the floor, 
when doors are involved, is very tm- 
portant, a simple rule using the grid 
lines has been evolved. 


“The fact that alternate grid lines 
coincide with the mortar joints when 
the 2-2/3’’-high brick is used provides a 
simple rule for determining the location 
of a mortar joint with respect to the 
grid at any point above or below a given 
reference line. Any grid line which is 
an even multiple of four inches from the 
reference line will have the same relative 
position and any grid line which is an 
odd multiple of four inches will have the 
For example, let us 
assume that the grid line to which the © 
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Modular Clay Masonry Unit Dimensions 


Capital letters sighifiy 2ominal dimensions. Lower-case letters signify specified dimen- 


sions. 
permissible tolerances. 


Actual unit dimensions may vary from specified dimensions by not more than the 
Thickness of standard mortar joint is indicated by }. 


In general, 


the standard mortar joint thicknesses for Modular clay masonry units are: 14” for glazed 


brick and tile, 36” or 1%” 
brick and structural tile. 
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for facing brick and unglazed facing tile, and 1%” for building 
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floor is referenced passes through a mor- 
tar joint in the exterior facing. It is 
proposed to use a 7’-0” door in a 7’-4” 
masonry opening. “The 7’-4” dimension 
equals 22 Modules, which is an even 
multiple. Therefore, at that height, the 
grid line and a mortar joint will coin- 
cide. 


Sizes of Partition Tile 
“Tile with 12” x 12” face dimensions 
are commonly referred to as parti- 
tion tile. Yo date, no Modular Stand- 
ards have been established for such units 
by the American Standards Association 
.. . for non-Modular partition tile, the 
sizes listed . . . are actual sizes. How- 
ever, in certain areas of the country, 
the manufacturers have converted their 
partition tile production to Modular 
sizes, designed for the use of 42” mortar 
joints. For such units, the dimensions 
listed are nominal. In other areas parti- 
tion tile are produced with nominal face 
dimensions (11%4” x 1114” actual) but 
of full thickness.” 

Single copies of “Technical Notes” 
may be obtained without charge from 
the Structural Clay Products Institute 
by addressing a request to its head- 
quarters, 1520 18th St., N. W., Wash- 
ington 6, D. C., or to any of its regional 
offices. 
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Modular details showing the relationships 
of two types of floor construction with the 
exterior masonry wall. Comparison with 
the section shown on page 26 illustrates a 
basic rule to guide the Modular detailer: 
With wood-frame construction, the top sur- 
face of the subfloor (or finish surface of a 
single floor) is located at a horizontal grid 
line. With any other construction, the 
finished floor is %%” below a grid line. 
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Have you sEEN these articles and 


publications on Modular Coordination, — 
selected from the material on the sub- — 


ject published since last summer ? 

Architectural Record, Sept. ’50 and 
May ’51: ‘““Modular Coordination 
. . . How two offices are using it.” 
and “Modular Coordination in 
Frame Houses.” 

“The Masonry House,” by Training- 
Thru-Sight Associates, Inc.: Lee H. 
Frankl, in cooperation with Struc- 
tural Clay Products Institute. 

“Contemporary Houses Developed 
from Room Units,” Small Homes 
Council of the University of Illinois. 

“Brick & Tile Engineering” by Harry 
C. Plummer, Structural Clay Prod- 
ucts Institute. 

“Time-Saver Standards: Modular Co- 
ordination” Nos. 1-11, in Archi- 


tectural Record for Nov. 750 and 


later. 


SCPI ‘Technical Notes” on brick and ~ 


tile construction, Dec. ’50, May ’51 
and others. 
“The Modular Method in dwelling 
design,” Housing & Home Finance 
Agency. (Sup’t 


25, D. C.: 30¢) 


of Documents, — 


U. S. Gov’t Printing Office, Wash. 
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